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ABSTRACT 
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The  economic  recovery  of  the  U.S.  economy  after  a  major  disaster  is  the  focus 
of  a  systems  dynamics  model  described  in  this  report.  The  work  under  this  con¬ 
tract  involved  restructuring  the  investment  sector,  constructing  and  embedding 
a  monetary  sector  into  the  model,  rebasing  the  model  to  1972  data,  some  simoli- 
fication  of  the  structure  of  the  model,  the  development  of  substantial  software 
that  eased  the  task  of  running  and  reporting  the  results  of  the  model,  and  a 
number  of  other  changes.  Results  are  reported  for  historical  simulation  of  the 
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model  and  for  a  variety  of  simulations  under  alternative  assumptions  about 
destruction  resulting  from  a  nuclear  attack. 


ABSTRACT 


The  economic  recovery  of  the  U.S.  economy  after  a  maior  disaster  is  the 
focus  of  a  systems  dynamics  model  described  in  this  reoort.  The  work  under 
this  contract  involved  restructuring  the  investment  sector,  constructing  and 
embedding  a  monetary  sector  into  the  model,  rebasing  the  model  to  1972  data, 
some  simol if ication  of  the  structure  of  the  model,  the  develooment  of 
substantial  software  that  eased  the  task  of  running  and  reoorting  the  results 
of  the  model,  and  a  number  of  other  changes.  Results  are  reoorted  for 
historical  simulation  of  the  model  and  for  a  variety  of  simulations  under 
alternatiye  assumptions  about  destruction  resulting  from  a  nuclear  attack. 
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SUMMARY 


BACKGROUND 

This  research  was  undertaken  to  improve  an  Economic  Recovery  Dynamics 
Model  (ERDYM)  previously  developed  for  FEMA  (Peterson  1980).  It  is  designed  to 
examine  policies  that  might  affect  recovery  in  a  post-attack  environment.  The 
ma.ior  modifications  in  this  version  of  ERDYM  are  the  following:  the  intro¬ 
duction  of  a  monetary  sector  to  the  model  that  endogenizes  interest  rates;  the 
restructuring  of  the  investment  sector  to  more  closely  follow  economic  theory; 
and  the  rebasing  of  the  model  to  1972  data.  In  addition,  the  model  was 
simplified  and  other  sectors  were  altered  as  needed  to  make  the  model 
consistent.  Ma.ior  software  enhancements  were  also  undertaken  to  make  using  the 
model  and  interpreting  the  results  easier. 

FINDINGS 

The  improvements  made  to  the  model  alter  its  dynamic  behavior 
substantially.  Historical  simulations  over  the  period  1972-1983  reveal  that 
the  model  tracks  real  gross  national  product  to  within  5  percent  of  actual. 
Comparison  of  other  economic  variables  shows  that  the  model  exhibits  growth 
characteristics  that  are  suitable  for  an  economic  recoverv  model.  In 
simulations  of  post-attack  recovery,  the  model  appears  more  robust  to  high 
levels  of  destruction  than  the  previous  version.  This  finding  is  likelv 
attributable  to  the  change  in  the  investment  sector  of  the  model.  Monetary 
policy  simulations  show  that  monetary  policy  alone  has  little  effect  on  the 
real  trajectory  of  recovery,  although  it  can  have  substantial  effect  on  price 
levels.  In  simulations  where  the  level  of  destruction  is  uneven  across 
sectors,  the  model  suggests  that  targeted  measures,  such  as  direct  consumer 
rationing,  would  be  more  effective  in  sourring  recoverv  than  general  monetary 
and  fiscal  policy.  An  examination  of  post-attack  simulations  indicates  that 
there  are  nonlinearities  in  the  effect  on  the  economy  of  different  levels  of 
destruction— destroying  30  percent  of  assets  and  population  has  more  than  three 
times  the  effect  that  only  destroying  10  percent  would  have.  These 
nonlinearites  are  closely  linked  to  the  way  that  psychological  impacts  are 
handled  in  the  model.  A  decomposition  of  these  psychological  imacts  shows  that 


nonlinearities  disappear  when  the  effect  of  these  os'/choloqical  factors  is 
removed . 

EVALUATION  AND  IMPACT 

The  systems  dynamic  model  modified  in  this  report  is  caoable  of  simulating 
an  attack  of  varying  orders  of  magnitude  while  applying  a  number  of  alternative 
policies  to  influence  recovery.  The  imoroyements  have  made  the  structure  of 
the  model  more  consonant  with  economic  theory,  insofar  as  they  haye  been 
restructured.  But  some  serious  problems  remain.  Specifically,  three  areas  are 
of  ma.ior  concern:  consumption,  the  labor  sector,  and  foreign  trade. 

Consumption  in  some  cases,  for  example,  is  not  currently  based  on  relative 
prices,  but  rather  on  assumed  priorities;  this  gives  rise  to  unreasonable 
consumer  behavior  in  the  face  of  sharp  changes  in  relative  prices. 
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1.0  INTRODUCTION  AND  BACKGROUND 

1.1  INTRODUCTION 

In  the  summer  of  1982,  the  Federal  Emergency  Management  Agency  (FEMA) 
requested  oroposals  to  modify  and  improve  the  Economic  Recovery  Dynamics  Model 
(ERDYM)  developed  under  a  previous  contract  (Peterson  1980).  Battelle,  Pacific 
Northwest  Laboratories  (BNW)  received  the  contract  to  make  the  modifications  to 
the  model.  This  final  report  details  and  explains  the  ma.ior  changes  to  the 
model,  which  include  adding  a  financial  sector,  calibrating  the  model  to  1972 
National  Income  and  Product  Accounts,  and  modifying  other  sectors  of  the  model 
to  assure  that  the  historical  simulations  were  within  a  specified  degree  of 
accuracy.  Once  these  changes  were  completed,  the  model  was  to  be  simulated  for 
several  major  attack  scenarios  and  the  results  of  these  simulations  reported. 

This  chapter  will  provide  some  background  as  to  why  certain  alterations  and 
additions  were  made  to  the  model,  and  will  provide  an  outline  of  the  repoi^t. 

The  remainder  of  the  report  will  document  the  changes  and  results  of  the 
reconstructed  economic  recovery  dynamics  model. 

The  second  chapter  of  this  report  will  provide  an  overview  of  the  original 
model.  It  will  briefly  describe  the  various  sectors  of  the  model  and  several 
of  the  its  equations. 

The  subsequent  two  chapters  elaborate  on  changes  made  to  the  model  in  this 
study.  Chapter  3  first  describes  the  theoretical  arguments  underlying  the 
restructuring  of  the  investment  sector.  Consonant  with  these  changes,  a 
supporting  monetary  sector  was  developed  and  is  also  described  in  this 
chapter.  Chapter  4  then  describes  changes  in  other  sectors  of  the  model  that 
were  necessitated  by  changes  elsewhere,  were  done  to  simplify  the  structure  of 
the  model,  or  were  required  to  calibrate  the  model  to  historical  data.  In  a 
dynamic  model  such  as  ERDYM,  the  initialization  of  the  model  is  critical  to  its 
near-term  performance.  Accordingly,  considerable  effort  was  devoted  to  the 
initialization  of  the  model. 

Chapter  5  presents  a  baseline  initialization,  historical  simulations,  and 
tests  the  sensitivity  of  the  model  to  several  characterizations  of  monetary 
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Dolicv.  The  historical  simulations  highlight  the  ability  of  the  model,  under  a 
certain  set  of  oarametric  assumptions,  to  replicate  the  dynamic  path  of  the 
economy  from  197?  to  1984.  These  historical  simulations  track  the  growth  oath 
of  the  economy  within  acceptable  error  bounds  and  also  generate  realistic 
cyclical  behavior. 

Chapter  6  then  reports  the  recovery  scenarios  that  were  simulated  for  this 
project.  In  simulating  the  model  under  different  assumptions  about  intensity 
of  attack  and  alternative  policy  prescriptions,  a  gi'eat  deal  was  learned  about 
the  dynamic  structure  of  the  model.  In  particular,  we  find  that  the  model  is 
quite  sensitive  to  alternative  assumptions  about  policy  rules,  capital-labor 
substitution  and  psychological  effects.  Modest  changes  to  these  assumptions 
can  have  dramatic  effect  on  the  recovery  path  of  the  economy,  as  described  by 
the  model.  These  results  lead  us  to  conclusions  that  are  reported  in  Chapter  7 
of  this  report.  Recommendations  for  further  changes  to  the  model  are  then 
suggested  in  the  final  chapter. 

Two  appendices  accompany  this  report.  The  first  is  a  technical  description 
of  the  development  of  the  industry  data  used  to  initialize  the  model  to  its  new 
1972  base.  The  second  appendix  is  a  set  of  instructions  to  potential  users, 
describing  how  the  government  policy  levers  within  the  model  can  be  simulated. 

A  separate  user's  guide  repeats  this  information  as  well  as  provides  complete 
instructions  on  how  to  use  the  model  and  prepare  various  tvpes  of  reports. 
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1.2  BACKGROUND 

FEMA's  decision  to  modify  the  economic  recovery  dynamics  model  was  made,  in 
part,  because  of  shortcomings  in  the  performance  of  the  previous  version  of 
this  model.  Another  reason  for  this  action  was  the  criticism  that  the  economic 
structure  of  the  model  received  on  review  by  economists  from  other  government 
agencies  involved  in  the  exercises  undertaken  bv  FEMA  as  part  of  their 
emergency  management  planning.  Specifically,  the  criticisms  included  the 
following:  that  the  assumption  that  interest  rates  were  not  determined  within 
the  model  was  unrealistic;  that  the  model  lacked  the  basic  national  income  and 
product  accounting  of  a  macroeconomic  model;  and  that  sectors  of  the  model  were 
specified  in  ways  inconsistent  with  economic  theory  and  empirical  evidence.  A 
more  severe  problem  arose  in  simulation  exercises  with  the  model;  when 
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interest  rates  rose  above  certain  modest  levels,  the  model  resoonded  by 
spiraling  down  to  a  non-recoverable  level  of  economic  activity  without  even  the 
advent  of  a  disaster. 
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Battelle's  review  of  the  model  recognized  that  system  dynamics  was  an 
appropriate  approach  to  modeling  post-attack  economic  recovery  and  that  the 
orevious  model  was  an  ambitious  attemot  to  model  the  economy.  However,  the 
model  was  criticized  on  a  number  of  points.  The  model  appeared  overly  comolex 
as  a  representation  of  the  economy  in  post-attack  recovery.  Since  the  basic 
choice  set  appeared  to  be  between  present  and  future  consumption,  it  appeared 
to  Battelle  that  the  model  could  be  somewhat  simolified  yet  retain  this  basic 
focus.  A  more  severe  charge  leveled  at  the  previous  version  criticized  it  for 
its  peculiar  representation  of  some  economic  decision  making.  One  example  of 
this  peculiar  structure  could  explain  why  the  model  spiraled  into  depression. 

The  particular  example  used  in  the  proposal  was  the  characterization  of 
business  financial  decisions.  The  model  structured  the  availability  of 
business  finance  as  a  ma.ior  constraint  on  expansion  of  capacity.  In  other 
words,  desired  capital  purchases  could  not  be  undertaken  when  a  sector's 
financial  position  was  inadequate  to  support  investment.  The  capital  budgeting 
approach  used  in  the  model  to  explain  investment  was,  in  consequence,  very 
sensitive  to  interest  rate  fluctuations.  The  mechanism  might  work  as  follows: 
as  interest  rates  rose,  debt  servicing  increased.  This  put  additional 
financial  requirements  on  the  sector,  which  required  additional  borrowing;  this 
cut  further  into  retained  earnings,  or  required  further  reductions  in  capital 
spending.  All  these  factors  worked  in  the  same  direction — to  lower  investment, 
to  make  it  more  difficult  to  borrow,  and  to  reduce  the  availability  of  internal 
funds  to  finance  capital  accumulation.  With  all  these  forces  operating  in  the 
same  direction,  it  did  not  take  long  before  the  sector  was  forced  into  a 
position  that  it  could  not  pull  itself  out  of.  Thus  the  downward  spiral. 

In  light  of  this  criticism,  Battelle's  proposal  focused  on  restructuring 
the  business  investment  decision  process  and  linking  this  revised  investment 
model  to  a  newly  developed  financial  sector.  The  financial  sector  would 
determine  an  interest  rate  that  would  enter  as  an  argument  into  the  rental  cost 
of  capital.  The  feedback  mechanism  would  be  provided  by  business  financial 
flows  from  the  business  sectors  to  the  monetary  sector.  These  financial  flows. 
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in  turn,  would  influence  the  behavior  of  the  monetary  authorities.  If 
structured  reasonably  well,  the  feedback  loops  from  interest  rates  to 
investment  to  business  flows  to  interest  rates  would  be  self-correcting.  The 
proposal  was  predicated  on  the  idea  that  these  two  ma.ior  changes  to  the  model, 
along  with  the  addition  of  national  income  and  product  accounts  and  some 
simplification  of  the  model,  would  serve  to  set  it  right. 

Subsequent  events  suggest  that  this  idea  was  somewhat  naive.  In 
anticipation  of  the  conclusions  of  this  study.  Battel le  has  found  that  there 
are  other  major  shortcomings  to  even  the  revised  model.  The  strategy  of  this 
project  has  been  to  modify  that  which  can  easily  be  changed,  but  to  circumvent 
other  problems  that  exist  as  a  result  of  misspecif ication  of  other  sectors  of 
the  model.  Because  these  major  problems  still  remain,  ERDYM  must  be  used  with 
caution.  Areas  that  require  this  special  caution  are  highlighted  throughout 
the  remainder  of  this  report  so  that  users  of  the  model  will  avoid  some 
pitfalls  that  our  efforts  have  uncovered.  The  recommendations  chapter  that 
concludes  this  report  details  the  remaining  problem  areas  and  suggests  remedies. 


Z.O  MODEL  OVERVIEW 


This  chapter  provides  an  overview  of  the  structure  of  Economic  Recovery 
Dynamics  Model  (ERDYM).  The  intent  of  the  discussion  here  will  be  to  provide 
the  reader  with  sufficient  information  to  understand  the  basic  workings  of  the 
system  and  to  put  the  work  in  the  current  study  into  proper  perspective.  Since 
this  description  of  the  model  draws  heavily  on  the  Puqh-Roberts  report 
(Peterson  1980),  the  reader  who  wishes  a  more  detailed  treatment  is  referred  to 
that  earlier  report. 

2.1  INPUT-OUTPIJT  STRUCTURE 

ERDYM  may  be  characterized  as  a  dynamic  input-output  simulation  model  of 
the  U.S.  economy.  The  economy  is  divided  into  14  productive  sectors  as  shown 
in  Table  2.1.  These  sectors  can  be  divided  into  three  functional  areas: 
production,  oroduct  transfer,  and  consumption.  The  producing  sectors  (metals, 
non-metals,  energy  products,  non-fuel  consumables,  caoital,  construction, 
agriculture  and  consumer  goods)  are  those  whose  output  is  orimarily  ohysical 
goods.  These  goods  can  be  inventoried  and  can  be  later  used  by  other  sectors 
either  as  intermediate  inputs  to  production  or  sold  to  final  consumers.  The 
product  transfer  sectors  serve  as  intermediaries  between  producers  and 
consumers.  The  transportation  sector  most  vividly  falls  into  this  category, 
although  medical  services  and  trade  and  services  can  also  be  interpreted  as 
fulfilling  this  sort  of  function.  Households,  government  and  exports  are 
consuming  sectors  within  the  model. 

A  nuclear  attack  or  other  ma.ior  disaster  would  damage  different  sectors  to 
different  degrees,  creating  imbalances  in  available  factors  of  production  and 
demands.  The  use  of  input-output  structure  can  improve  the  realism  of  the 
analysis,  thus  it  can  aid  the  formation  of  policies  that  will  alleviate 
potential  imbalances  and  ootimize  recovery. 

The  inout-output  structure  serves  to  interconnect  the  11  production  and 
product  transfer  sectors.  The  output  of  each  sector  mav  be  used  as  an  input 
within  the  sectors,  may  be  shipped  to  the  other  sectors  to  be  used  as  inputs  to 
production,  or  may  be  sold  to  final  consumers.  The  model  conserves  physical 
flows  of  products,  these  inventories  are  adiusted  when  factor  demand  outstrips 
total  supply  in  the  short  run. 


In  this  stufiy,  the  model  was  calibrated  to  the  aopropriately  aggregated 
version  of  the  1972  input-output  table  oublished  by  the  U.S.  Deoartment  of 
Commerce.  The  12-sector  (this  calibration  is  discussed  in  more  detail  in 
Chapter  41  table  was  used  to  parameterize  the  model,  oroviding  initial 
conditions  for  intermediate  input  requirements  and  final  demand  components. 
During  simulation,  the  model  is  capable  of  adiustinq  the  input-outout 
relationships  on  the  basis  of  technological  advancement  or  in  response  to  input 
shortages. 

2.2  FINANCIAL  STRUCTURE 

The  financial  structure  of  the  model  incorporates  many  aspects  of  coroorate 
financial  decision  making,  including  capital  investment,  debt  acquisition, 
dividends,  and  pricing.  EROYM  maintains  simplified  versions  of  an  income 
statement  and  balance  sheet  for  each  of  the  production  sectors.  The  relative 
values  of  the  financial  variables,  such  as  return  on  capital,  debt  and 
revenues,  help  to  characterize  the  financial  soundness  of  each  sector,  which  in 
turn  influences  capital  investment  and  production.  The  subsequent  chapter  will 
describe  this  linkage  to  investment  decisions  more  thoroughly,  as  this  area  has 
been  extensively  respecified  in  the  current  study. 

2.2.1  Income  Statement 

The  income  statement  focuses  on  revenue  and  costs.  Revenue  is  defined  as 
unit  sales  (equivalent  to  amount  of  output  used  in  the  economy,  not  production) 
times  price.  To  calculate  price,  a  target  profit  margin  is  calculated  and 
added  to  unit  costs  of  production.  To  account  for  short  run  periods  of  excess 
demand  or  supply,  a  multiplicative  factor  is  applied  to  the  cost  of  production 
(plus  target  profit  margin).  This  factor  generally  depends  on  how  far  the 
level  of  inventory  stocks  deviates  from  some  desired  level. 

Costs  are  classified  as  either  fixed  or  variable.  Variable  costs  depend  on 
the  level  of  production  activity;  they  include  waqes  and  benefits,  costs  of 
intermediate  (materialsl  inputs,  and  transportation  and  marketing  costs.  Fixed 
costs  include  rent,  interest  on  debt,  property  taxes,  maintenance  costs,  and 
depreciation.  In  the  short  run,  these  items  a^'e  independent  nf  the  sector's 
level  of  production. 


Before-tax  profits  are  basically  total  revenue  minus  total  cost.  Income 
tax  is  calculated  as  a  simple  fraction  of  before-tax  profits  in  the  current 
period.  Dividends  are  based  on  a  movinq  average  of  after-tax  orofits,  using 
the  geometric  smoothing  function  of  the  DYNAMO  language.  Retained  earnings  are 
simply  the  difference  between  after-tax  profits  and  dividends  paid. 

2.Z.Z  Balance  Sheets 

The  balance  sheet  for  each  sector  adheres  to  the  standard  accounting 
identity:  Assets  =  Debt  +  Net  equity.  Each  item  in  the  balance  sheet  is  a 
level  variable  in  terms  of  DYNAMO.  Double  entrv  bookkeeping  assures  that  the 
accounting  identity  is  preserved  in  each  period  of  the  model.  To  assure  that 
the  identity  holds  in  the  base  period  of  the  model,  an  initialization  equation 
computes  equity  as  the  difference  between  initial  values  of  assets  and  debts. 

Three  assets  are  distinguished  in  the  model:  book  value  of  capital,  book 
values  of  inventory,  and  cash.  Changes  in  the  book  value  of  capital  respond  to 
gross  investment,  depreciation,  and  the  values  of  any  capital  loss.  The  book 
value  of  inventories  depends  upon  the  differences  between  variable  cost  of 
production  and  cost  of  goods  sold.  Cash,  which  covers  a  variety  of  short-term 
assets  as  well  as  demand  deposits,  is  influenced  by  a  number  of  variables: 
retained  earnings,  new  debt  borrowing  rate  (+),  repayment  of  debt  principal  (-1 
and  capital  investment  rate  f-). 

2.2.3  Debt 

A  sector  may  acquire  new  debt  for  working  caoital  or  for  capital 
investment.  When  current  cash  is  insufficient  to  meet  current  expenses,  a 
sector  may  borrow  for  working  capital.  Borrowing  for  caoital  investment  is  a 
financial  policy  decision  and  is  influenced  by  the  need  for  additional  capacity 
and  by  the  interest  cost  of  the  new  debt.  Chapter  3  discusses  in  more  detail 
the  role  of  debt  acquisition  with  regard  to  capital  investment. 

2.3  PRODUCTION  FUNCTIONS 

Production  relationships  within  the  ERDYM  are  specified  according  to  what 
Pugh-Roberts  fP-R)  terms  the  "soft-minimum  production  function."  The 
production  function  for  each  sector  determines  the  maximum  output  that  can  be 
produced  given  available  quantities  oT  labor,  caoital,  and  intermediate 


inoLits.  The  oresence  of  a  production  function  provides  a  supply  side  to  the 
model  and  permits  the  model inq  of  rationina  and  allocation  systems  to  handle 
cases  of  shortages  of  one  or  more  factor  inputs. 

The  production  function  in  ERDYM  is  most  clearly  illustrated  in  the  case  of 
two  inputs,  although  it  can  be  generalized  to  any  number  of  inputs.  Figure 
2.1  is  reproduced  from  the  1930  P-R  report  and  shows  the  basic  form  of  the 
production  function  used.  The  first  term  on  the  right  of  the  equal  sign  in  the 
equation  shows  the  amount  of  output  that  could  be  achieved  from  the  available 
quantity  of  input  8  if  all  other  inputs  were  available  in  normal  quantities. 

If  input  A  is  not  completely  available,  then  only  a  fraction  of  the  potential 
output  from  input  B  will  be  realized.  This  fraction  is  termed  by  P-R  the 
"adequacy  of  input  A." 

The  determination  of  the  adequacy  of  input  A  is  the  key  to  the  production 
function  used  in  the  model.  As  P-R  discusses  this  determination,  "The  adequacv 
is  determined  by  the  ratio  of  the  potential  output  from  the  available  quantity 
of  A  (assuming  unlimited  quantities  of  Bl,  divided  by  the  potential  ouput  from 
the  available  quantity  of  B  (assuming  unlimited  quantities  of  A)."  If  this 
ratio  is  less  than  one,  then  inout  A  is  in  relatively  short  supply,  and  becomes 
the  limiting  factor  of  production.  If  the  ratio  is  greater  than  one,  then  B  is 
in  short  supply. 

The  specification  of  the  adequacy  function  (for  A)  may  vary  according  to 
the  importance  of  A  and  its  rate  of  use  in  production.  The  adequacy  function 
in  Figure  2.1  corresponds  to  inputs  that  are  critical  to  production,  such  as 
production  workers  and  (embodied)  materials.  If  there  is  a  shortage  of  any  one 
of  these  inputs,  production  may  be  limited  or  stopped  altogether.  Thus,  the 
overall  production  function  is  the  simple  minimum  of  the  potential  outputs  from 
the  various  factor  inputs,  each  assuming  an  adequate  supply  of  all  others. 

The  strict  proportionality  relationship  shown  in  Figure  2.1  may  be 
inappropriate  for  some  sectors.  This  may  occur,  as  Pugh-Roberts  posits, 
"...when  the  complete  lack  of  some  kinds  of  machinery  may  slow  production  but 
not  stop  it  (as  is  the  case  when  the  operation  may  be  performed  more  slowly 
with  hand  toolsl."  The  too  panel  in  Figure  2.2  shows  the  adequacy  function  in 
the  case  of  a  non-essential  input  to  production.  In  this  particular  case,  even 
when  inout  A  is  unavailable,  the  value  of  the  adequacy  function  is  .S. 
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This  character'! Stic  of  the  adequacy  function  is  why  Puqh-Roberts  labeled 
this  soecif ication  the  "soft-minimum  production  function." 

The  prodution  function  used  in  EROYM  can  also  represent  impacts  with 
variable  elasticities.  Such  a  case  is  shown  in  the  bottom  panel  of  Fiqure 
2.2.  In  this  case  a  small  reduction  in  input  A  is  not  expected  to  seriously 
impact  production  capability.  However,  the  constraining  impact  becomes 
proportionately  greater  as  the  severity  of  the  shortage  is  increased. 

2.4  RESOURCE  ALLOCATION 

EROYM  contains  a  fairly  elaborate  allocation  mechanism  that  can  be  used  to 
simulate  potential  government  rationing  programs.  This  mechanism  is  based  on 
the  existence  of  variables  that  explictiy  account  for  demand,  orders,  planned 
prpduction,  inventory  change,  and  import  availability.  In  each  period  of 
production,  the  shortfall  is  computed  for  each  sector.  If  the  shortfall  is 
zero,  then  all  sectors  (intermediate  as  well  as  final  consumers)  receive 
exactly  what  they  order.  If  the  shortfall  is  positive,  each  sector  receives 
what  it  orders  less  a  fraction  of  the  overall  shortfall.  The  specific  values 
of  the  fractions  depend  on  the  relative  proportion  of  total  demand  and  on  a  set 
of  pre-specif ied  priority  weights. 

Under  conditions  of  a  production  shortfall,  ERDYM  uses  a  function  termed  a 
SHARE  macro  to  allocate  supply.  For  two  sectors  competing  for  a  single 
product,  the  mathematics  of  the  SHARE  macro  is  fairly  straightforward. 

Equation  2.1  indicates  the  amount  of  product  allocated  to  sector  1;  Equation 
2.2  does  likewise  for  sector  2. 

R1  =  01  -  SF  *  (01/PRl)/(f01/PRl)  +  (D2/PR2))  (2.1) 

R2  =  02  -  SF  *  l02/PR2/f (01/PRl)  +  02/PR2))  (2.2) 

where 

Rl,  R2  =  production  received  in  sectors  1  and  2,  respectively 
01,  02  =  demands  for  sectors  1  and  2,  respectively 

PRl,  PR2  =  priority  weights  for  sectors  1  and  2,  respectively 

0  PRl  1,  0  PR2  1 


SF  =  shortfall 


The  specification  of  Equations  2.1  and  2.2  ensures  that: 

1.  total  deliveries  to  all  demanding  sectors  equal  total  suoplv 

2.  under  normal  market  conditions,  with  adequate  supolv,  each  sector 
receives  the  quantity  it  orders  (and  no  sector  receives  more  than 
orders) 

3.  when  shortages  are  present,  uniquely  low  priority  sectors  absorb  most 
of  the  shortfall. 

A  distinct  adyantaqe  of  the  allocation  mechanism  in  EROYM  is  that  it  can 
proyide  a  smooth  transition  from  a  normal  market  economy  to  one  in  which  severe 
shortages  are  present.  Various  specifications  for  priorities  may  be  tested  in 
order  to  analyze  the  role  of  government  allocation  policies  promoting  recovery. 

2.5  HOUSEHOLD  SECTOR 

The  U.S.  population  in  ERDYM  is  broken  out  into  age,  employment,  and  health 
classes.  This  disaggregation  helps  to  determine  both  the  composition  of 
consumption  expenditures  and  labor  supply.  In  general,  consumer  demand  depends 
on  the  subsistence  needs  of  population  and  on  the  most  recently  achieved  real 
standard  of  living.  Labor  supply  depends  on  the  availability  of  consumer  goods 
over  and  above  subsistence  levels  and  on  the  psychological  state  of  the 
population. 

2.5.1  Consumption 

The  consumption  portion  of  ERDYM  determines  consumer  demand  for  nine  major 
categories:  food,  energy,  automobiles,  other  consumer  durables,  non-fuel 
consumables,  transportation,  personal  services,  housing,  and  medical  care.  The 
specification  of  demand  is  fairly  simple.  Since  consumers  generally  expect  an 
ever-increasing  standard  of  living,  the  demand  for  most  commodities  is  modeled 
on  the  basis  of  growth  factors  determined  from  historical  data.  For 
subsistence  categories,  food  and  medical  care,  minimum  levels  per  capita  are 
set  to  establish  survival-level  floors. 

The  sum  of  total  desired  consumer  expenditures  is  then  compared  to  funds 
available  for  consumer  expenditure.  Available  funds  depend  not  only  upon 
current  household  income  but  also  upon  prior  savings  and  availability  of 


consumer  loans.  When  funds  are  insufficient  to  finance  desired  expenditures, 
SHARE  macros  (as  discussed  in  the  previous  sectionl  are  used  to  finally 
allocate  funds  to  the  qiven  budget  constraint.  Rationing  can  also  be  imposed 
by  the  goyernment  to  modify  the  demands  stemming  from  the  system  just  described. 

2.5.2  Labor  Supply 

The  potenti al  labor  force  in  the  model  is  comprised  of  persons  aged  16  to 
65;  workers  within  this  age  group  are  either  employed  or  unemployed.  The 
demand  for  labor  for  each  sector  depends  on  planned  production.  Adjustment  to 
desired  labor  demand  by  firms  is  not  instantaneous,  as  the'^e  are  hiring 
delays.  The  model  also  takes  account  of  labor  hoarding  during  recessionary 
periods:  workers  are  laid  off  only  after  appropriate  delays. 

The  unemployed  pooulation  is  broken  out  into  two  groups:  those  within  the 
labor  force  and  seeking  employment,  and  those  not  in  the  labor  force.  The 
movement  of  people  in  and  out  of  the  labor  force  depends  on  the  health 
condition  of  the  population,  public  confidence,  and  the  perceived  duration  of 
unemployment. 

The  health  condition  of  the  potential  labor  force  is  a  critical  factor  to 
economic  recovery  after  on  attack.  The  health  condition  is  represented  in  the 
model  by  specification  of  a  "sick"  or  injured  pooulation.  The  size  of  this 
group  depends  upon  the  adequacy  of  medical  care  facilities.  Individuals 
recovering  from  injury  enter  a  grouo  of  workers  te^'med  by  Pugh-Roberts  as  the 
"well  labor  -  not  in  labor  force  pool."  Here  public  confidence  is  a  key 
variable  in  deciding  how  quickly  these  workers  will  actually  enter  the  active 
labor  force.  Factors  that  determine  the  state  of  public  confidence  are 
discussed  below. 

2.5.3  Psychological  Factors 

ERDYM  contains  an  elaborate  psychological  effects  sector  that  distinguishes 
it  from  a  conventional  economic  model.  This  sector  seeks  to  model  the 
attitudes  and  sentiments  of  the  population  that  in  turn  impact  upon  their 
economic  behavior. 


The  key  psychological  variable  in  the  model  is  an  index  of  public 
confidence.  This  factor  is  a  measure  of  that  degree  to  which  the  pooulation 
believes  that  productive  effort  and  saving  will  produce  long-run  benefits. 

Three  specific  economic  variables  are  affected  by  the  public  confidence  index. 
First,  the  savings  rate  is  higher  for  higher  levels  of  public  confidence  as 
people  (again)  develop  confidence  in  the  financial  institutions  in  the  economy 
and  believe  future  benefits  outweigh  the  sacrifices  in  current  consumption. 

The  savings  rate  will  be  lower  if  people  are  experiencing  subsistence  levels  of 
income  or  if  they  perceive  that  the  probability  of  receiving  future  benefits 
from  current  saving  is  low. 

Second,  the  productivity  of  the  employed  labor  force  is  affected  by  the 
state  of  public  confidence.  High  morale  among  the  population,  historically 
evident  during  wartime  periods,  is  expected  to  enhance  labor  productivity. 

Third,  the  rate  of  labor  force  participation  depends  upon  public 
confidence.  If  public  confidence  declines  to  very  low  levels,  it  is  expected 
that  workers  may  withdraw  from  organized  productive  activity  as  concerns  for 
the  immediate  subsistence  of  family  and  friends  become  more  paramount.  These 
concerns  may  be  manifested  in  looting  or  subsistence  activities,  which  would 
contribute  little  to  GNP.  The  index  of  public  confidence  is,  in  turn, 
influenced  bv  economic  variables,  as  shown  in  Figure  2.3  reproduced  from  ti:; 
1980  Pugh-Roberts  reoort.  The  three  economic  variables  are  the  level  of  GNP 
per  capita,  its  perceived  rate  of  change,  and  the  adeguacy  of  resources  for 
surviyal.  A  high  level  of  oer  capita  GNP  compared  to  the  traditional  value 
(represented  in  the  model  as  roughly  a  smoothed  average  over  10  years)  will 
tend  to  improye  public  confidence.  Even  at  low  levels  of  GNP  per  capita,  it  is 
expected  that  improvements  in  standards  of  living  will  raise  public 
confidence.  Thus,  both  the  direction  and  magnitude  of  change  of  GNP/capita 
affect  the  confidence  index.  Survival  itself  is  tenuous  in  the  aftermath  of 
massive  nuclear  attacks;  the  measure  of  public  confidence  also  depends  upon  the 
availability  of  subsistence  food  resources  and  the  death  rate  of  the  population 

One  of  the  psychological  factors  influencing  public  confidence  is  assumed 
to  be  lingering  trauma  from  the  widespread  death  and  destruction  that  would  be 
caused  by  a  nuclear  attack.  Confidence  will  not  improve  until  people  recover 
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from  the  shock  of  the  deaths  of  family  members  and  friends  and  either  clear 
away  the  rubble  of  detroyed  buildinqs  or  adapt  to  it. 

Charismatic  official  leaders  can  also  help  to  impt^ove  the  morale  of  the 
population.  This  is  assumed  to  only  occur  if  the  government  had  previously 
established  a  reservoir  of  goodwill  by  the  strong  leadership  of  political 
leaders  or  from  efforts  to  prepare  the  population  psychologically  for  an 
attack.  In  the  model,  the  size  of  the  reservoir  is  modeled  as  a  stock 
variable,  whose  pre-attack  value  becomes  a  policy  input. 

2.6  GOVERNMENT 

The  government  sector  in  EROYM  includes  local,  state,  and  federal 
activities.  The  government  has  two  major  functions.  The  first  is  economic;  in 
providing  public  goods,  the  government  collects  taxes  and  purchases  output  from 
other  sectors  ^including  labor  services).  The  government  also  redistributes 
income  in  the  form  of  various  transfer  programs.  The  second  major  function  is 
to  regulate  various  aspects  of  economic  behavior.  In  EROYM  key  regulatory 
programs  are  rationing  and  wage  and  price  controls. 

2.6.1  Economic  Role  of  Government 

Revenues 

The  representation  of  government  financing  in  EROYM  is  straightfoward. 
Government  revenues  are  comprised  of  the  personal  income  tax,  corporate  income 
tax,  state  and  local  taxes  I  including  federal  excise  taxes),  and  social 
security  taxes.  Each  tax  item  is  simply  the  product  of  an  exogenous  effective 
tax  rate  times  the  appropriate  tax  base.  For  estate  and  local  taxes, 
consisting  primarily  of  property  taxes,  the  tax  base  is  the  total  capital  stock 
in  each  sector.  For  the  other  tax  items,  the  tax  base  is  the  appropriate 
income  item. 

Expenditures 

Government  expenditures  include  purchase  of  goods  and  services,  employee 
compensation,  transfer  payments,  government  subsidies  to  industry,  and  interest 
on  the  national  debt.  The  demand  for  goods  and  services  by  government  is 
represented  by  a  function  of  the  number  of  government  employees.  Government 


labor,  in  turn,  is  related  simply  to  the  total  population  by  means  of  an 
exoqenouslv  specified  multiplicative  factor.  Puqh-Roberts  developed  a  means  by 
which  a  military  mobilization  could  be  modeled  within  ERDYM.  Mobilization 
increases  demands  in  two  ways.  First,  the  increase  in  government  employment 
caused  by  a  mobilization  pushes  up  demand  for  all  goods  and  seryices.  Second, 
the  per-employee  demand  can  be  increased  over  and  above  its  normal  ratio, 
reflecting  the  extra  demand  that  would  be  placed  on  key  sectors.  From  work  in 
the  current  study,  transfer  payments  are  now  exogenously  specified  in  terms  of 
real  (constant  1972)  dollars  per  beneficiary.  inflates  these  values  to 

current  dollars  based  on  the  model -generated  prevailing  price  level.  Section 
A. 5  in  Appendix  A  provides  a  more  detailed  discussion  of  the  breakdown  of 
government  transfers  within  the  model. 

Interest  on  the  national  debt  is  simply  the  product  of  an  average 
government  interest  rate  and  the  value  of  the  debt.  The  average  interest  rate 
is  continually  updated  and  varies  with  regard  to  the  magnitude  of  the  additions 
to  the  existing  debt  and  how  much  the  current  interest  rate  differs  from  last 
period's  average.  Current  government  deficit  or  surplus  is  simply  the 
difference  between  total  revenues  and  expenditures. 


A  number  of  potential  government  actions  that  can  be  implemented  during  a 
recovery  scenario  are  built  into  ERDYM  .  Five  basic  sets  of  "policy  levers" 
are  available  to  allow  simulation  of  possible  approach  of  government 
intervention:  production  planning,  rationing,  wage  and  price  controls, 
financial  incentives  and  subsidies,  and  monetary  policy.  The  discussion  below 
describes  the  first  four  of  these  categories;  monetary  policy  is  discussed  in 
detail  in  Section  3.3.  Apoendix  B  provides  summaries  of  all  the  available 
policy  levers  and  cites  specific  model  variables  and  parameters  that  must  be 
changed  to  simulate  desired  policy  actions. 


Production  Planning 


Within  ERDYM  government  can  influence  the  distribution  of  commodities  by 
determining  each  sector's  priority  for  obtaining  those  commodities  in  short 
supply.  As  Section  2.4  described,  the  resource  allocation  logic  used  in  the 
model  attaches  a  priority  weight  to  the  request  of  each  sector  for  the  outout 
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of  another.  By  varyinq  relative  priorities,  the  model  user  can  then  test  the 
sensitivity  of  recovery  growth  rates  to  various  allocation  schemes.  This 
feature  allows  raoid  analysis  of  a  wide  variety  of  central  planning  stt-ateqies, 
since  the  model  is  capable  of  simulating  any  combination  of  oriorities. 


Rationing 

Direct  rationing  is  a  second  means  bv  which  the  government  can  alter  the 
distribution  of  goods  and  services  within  the  economy.  Rationing  within  EROYM 
is  directed  solely  at  the  household  sector.  Resources  freed  up  from  limitation 
of  consumer  goods  can  then  be  directed  toward  investment  activities  that  can 
expedite  the  recovery  process.  Tn  EROYM,  rationing  can  be  set  on  all  consumer 
good  categories,  with  the  exception  of  housing  and  medical  services.  The 
model  requires  the  time  at  which  rationing  is  to  start,  the  length  of  the 
rationing  program,  and  the  per-caoita  or  per-household  demand  for  each  good 
during  the  rationing  program. 

Wage  and  Price  Controls 

Government  can  influence  both  the  overall  inflation  rate  and  the  pattern  of 
relative  prices  by  means  of  wage  and  price  controls.  Wage  controls  in  ERDYM 
are  represented  by  a  constant  upper  limit  on  the  annual  percentage  change  in 
wages,  applicable  to  all  sectors  equally.  This  representation  is  similar  to 
the  wage  controls  imposed  during  1971  and  1972.  Price  controls  are  represented 
by  a  single  variable  that  reflects  the  extent  of  market  pressure  (supply- 
demand  balance)  on  sector  pricing  decisions.  In  pei^iods  of  unbalanced 
inflationary  pressures,  this  variable  will  have  the  effect  of  altering  relative 
prices  as  well  as  moderating  the  overall  rate  of  inflation. 

Financial  Incentives  and  Subsidies 

ERDYM  contains  several  means  bv  which  the  government  can  influence  economic 
decisions  through  financial  incentives.  For  the  most  part,  these  cover 
incentives  to  stimulate  investment  activity.  Specific  incentives  in  the 
category  include  the  investment  tax  credits,  deferment  of  interest  payments  on 
debt,  and  accelerated  depreciation.  Direct  subsidies  are  also  a  means  by  which 
an  industry  sector  can  obtain  financing  to  stimulate  investment  activity. 
Subsidies  are  represented  by  adding  (non-taxable)  cash  to  a  sector's  revenues, 
which  then  can  augment  funds  available  for  capital  investment. 


3.0  MAJOR  STRUCTURAL  CHANGES  TO  THE  MODEL 


3.1  INTRODUCTION 

There  are  two  fnaior  sectors  that  have  been  added  or  substantially  revised 
in  this  version  of  ERDYM.  First,  investment  decisions  in  the  business  sector 
have  been  modified  to  follow  a  neoclassical  approach.  The  second  maior 
structural  change  to  ERDYM  is  the  addition  of  a  monetary  sector  structured  so 
that  interest  rates  adiust  to  changing  financial  stocks  and  flows.  The 
interest  rates  that  adjust  in  the  financial  sector  then  feed  back  to  both  the 
business  and  consumption  sectors  to  influence  the  financial  flows  that  are 
accounted  for  in  the  monetary  sector. 

The  investment  sector  embedded  in  ERDYM  has  been  described  in  some  detail 
in  previous  interim  reports.  The  introduction  of  a  monetary  sector  has 
necessitated  some  minor  changes  to  the  previous  specification--specifical 1 y, 
the  sensitivity  of  both  business  borrowing  and  business  investment  to  interest 
rate  changes  has  been  modified.  But  with  these  changes,  the  investment  sector 
still  remains  a  neoclassical  model  of  optimum  capital  accumulation  rather  than 
the  investment  sector  originally  defined  in  ERDYM,  more  accurately  described  as 
a  capital  budgeting  model  of  investment. 

The  monetary  sector  introduced  into  ERDYM  is  built  along  lines  suggested  by 
James  Tobin  119801.  It  is  a  general  equilibrium  model  that  recognizes  the 
balance  sheet  and  portfolio  constraints  that  affect  the  behavior  of  the 
principal  actors  represented  in  ERDYM— households,  businesses,  financial 
institutions,  and  government.  The  balance  sheet  constraints  apply  across 
sectors— e.g.,  the  new  loan  assets  created  by  banks  when  they  float  business 
loans  are  exactly  offset  by  the  liabilities  of  the  businesses--whi le  the 
portfolio  constraints  apply  to  each  sector.  The  introduction  of  a  separate 
monetary  sector  allows  for  the  determination  of  interest  rates  and  more 
realistic  behavior  of  the  various  agents  within  an  economic  model.  It  required 
the  inclusion  of  a  financial  sector  separate  from  those  sectors  previously 
identified  in  the  model. 

The  introduction  of  a  monetary  sector  into  the  model  alters  the  behavior  of 
economic  agents  in  all  sectors  of  ERDYM.  Consider  the  behavior  of  four 


economic  grouos  and  how  they  interact.  Consumers,  whose  income  ^lows  qive  rise 
to  transactions  demands,  purchase  goods  and  services  paid  for  with  money. 
Deferring  current  for  future  consumption,  which  resuits  in  the  accumulation  of 
wealth,  is  another  choice  of  this  group  and  can  result  in  greater  future  income 
flows.  The  financial  sector  is  a  second  group,  and  includes  two  further 
economic  agents — banks  and  monetary  authorities.  The  liabilities  of  the  banks 
arise  as  consumers  and  businesses  deposit  funds  to  their  institutions;  these 
liabilities  are  offset  with  assets  in  the  form  of  business  and  consumer  loans 
and  the  purchase  of  government  bonds.  The  monetary  authorities  pursue 
stabilization  policies  in  response  to  changes  in  economic  conditions. 
Businesses,  a  third  group,  can  borrow  directly  from  financial  institutions  thus 
creating  loans— assets  of  the  financial  sector.  The  final  economic  group, 
whose  activity  is  of  only  minor  importance  to  this  description  of  the 
interaction  of  maior  economic  participants,  is  government.  The  fiscal  policies 
of  federal,  state  and  local  governments  can  have  a  direct  effect  on  the 
behavior  of  the  other  participants  only  through  their  indirect  effect  on  the 
balance  sheet  of  the  economy.  This  can  occur  when  large  discrepancies  arise 
between  revenue  and  expenditures  (deficits  or  surplus)  or  when  fiscal 
parameters  that  influence  behavior,  such  as  tax  rates,  are  changed. 

To  modify  EROYM  to  reflect  these  behaviors,  a  number  of  structural  changes 
have  been  undertaken.  These  structural  changes  are  described  in  the  remaining 
three  sections  of  this  chapter.  In  the  next  two  sections,  the  investment  and 
the  monetary  sectors  are  handled  respectively.  Each  of  these  sections  is 
divided  into  two  parts.  The  first  provides  a  theoretical  framework  for  the 
subsequent  implementation  into  EROYM;  the  second  describes  the  implementation 
of  the  theory  in  the  model.  The  final  section  of  this  chapter  will  describe 
the  policy  pursued  bv  monetary  and  fiscal  authority,  and  the  variables 
available  to  the  user  of  the  model.  A  more  detailed  discussion  of  the  use  of 
these  policy  variables  is  contained  in  Appendix  B. 

3.2  INVESTMENT 

Since  the  accelerator  model  of  investment  was  promulgated  by  Paul  Samueison 
in  19B9,  a  variety  of  theories  to  explain  investment  behavior  have  appealed  in 
the  economic  literature.  Section  3.2.1  briefly  describes  some  of  these 


theories  and  discusses  the  emoirical  evidence  to  supoort  them.  From  this  set 
we  select  the  theoretical  structure  most  supoorted  by  the  evidence.  Section 
3.2.?  then  describes  how  the  chosen  theoretical  structure  is  -implemented  in  the 
model . 

3.2.1  Alternative  Theories  of  Investment 

The  theories  of  investment  and  their  empirical  implementation  during  the 
oast  thirty  years  can  be  conveniently  summarized  by  the  following  five 
classifications.  Manv  of  the  existing  investment  functions  combine  one  or  more 
of  these  theories,  as  does  the  system  dynamics  model  we  propose,  but  for 
purposes  of  exposition  we  can  treat  these  strands  separately. 

Generalized  accelerator.  This  most  venerable  formulation  of  the 
investment  function  has  roots  going  back  to  the  beginning  of  bus-iness  cycle 
analysis  (Tinbergen  1938;  Samuelson  1939).  The  model  was  developed  as  a 
general  distributed  lag  relationship  involving  both  changes  in,  and  level  of, 
output,  but  the  adjustment  in  any  given  period  is  only  partial. 

Cash  flow  model .  In  this  version,  current  and  past  profits  are  thought 
to  be  a  good  proxy  for  expected  future  profits,  which  in  turn  determine 
investment.  Other  variants  of  this  model  have  emphasized  that  cash  flow  is 
important,  for  it  serves  as  a  source  of  funds  in  the  presence  of  risk  and 
imperfect  capital  markets.  In  yet  other  variants,  the  amount  of  debt  relative 
to  assets  or  equity  serves  as  a  barrier  to  investment  beyond  which  the  cost  of 
capital  rises  sharply.  While  no  one  has  recently  developed  a  pure  cash  flow 
model,  it  serves  as  a  central  variable  in  a  variety  of  studies,  including  that 
of  Duesenberry  (1958). 

Securities  value  model.  The  basic  theory  underlying  the  securities 
value  model  has  been  developed  by  Brainard  and  Tobin  fl968).  They  state  that, 
"One  of  the  basic  theoretical  propositions  motivating  the  model  is  that  the 
market  valuation  of  equities,  relative  to  the  reglacement  cost  of  the  physical 
assets  they  represent,  is  the  major  dete’^minant  of  new  investment.  Investment 
is  stimulated  when  capital  is  valued  more  highly  in  the  market  than  it  costs  to 
produce  it,  and  discouraged  when  its  valuation  is  less  than  its  replacement 
cost."  (po.  103-104).  To  the  extent  that  low  equity  values  and  a  high 
debt/equity  ratio  occur  concomitantly,  that  ratio  may  also  be  included  under 


the  aeqis  of  the  securities  value  model .  The  Brainard-Tobin  theory  received 
some  public  suoport  as  evidenced  by  the  fact  that  it  was  used  in  both  1977  and 
1978  Economic  Reports  of  the  President  to  explain  why  the  ratio  of  investment 
to  GNP  has  remained  unusually  low  during  the  current  business  cycle  recovery. 
Subsequent  data  revisions  have  raised  questions  about  this  exolanation. 

Standard  neoclassical  model.  In  this  theory,  develooed  by  Jorqensen 
and  Associates  (see,  e.q.,  Jorqenson  1967),  each  firm  is  assumed  to  be  makinq 
adjustments  toward  a  desired  stock  of  caoital.  In  contrast  with  the 
accelerator  model,  however,  this  model  assumes  that  desired  capital  stock 
depends  not  only  on  equilibrium  output  but  on  the  ratio  of  the  outout  price  to 
the  implicit  rental  price  of  the  services  of  capital  qoods. 

Under  fixed  production  technoloqy  and  competition,  the  price  of  capital 
goods  must  equal  the  present  value  of  fixed  rentals.  Hence  the  desired  capital 
stock  is  equal  to  a(°’^),  where  p  and  x  are  the  price  and  quantity 
indices  of  output,  c  is  the  rental  orice  of  the  services  of  capital  goods,  and 
a  is  a  constant  equal  to  the  responsiveness  of  output  to  caoital.  The  rental 
cost  of  capital,  c,  is  determined  by  a  variety  of  factors  including  the  price 
of  investment  qoods,  depreciation,  rates  of  return,  the  discounted  value  of 
depreciation  and  of  government  programs  such  as  tax  rates. 

Putty-clay  neoclassical  model.  This  theory,  develooed  by  Bischoff 
fl971a)  takes  as  its  point  of  departure  the  work  of  Jorqensen  but  permits  the 
capital  elasticities  with  respect  to  outout  and  rental  cost  to  differ.  In 
addition,  the  rate  of  return  is  assumed  to  be  a  function  of  the  long-term  bond 
yield,  the  dividend/price  ratio,  and  the  expected  rate  of  change  of  output 
prices.  The  model  is  known  as  "outty-clav"  because  factor  proportions  are 
assumed  to  be  variable  only  uo  to  the  point  that  new  capacity  is  out  into 
place,  after  which  they  are  "baked"  into  their  final  form.  Hence  rather  than 
adjusting  investment  toward  a  desired  level  of  capital  stock,  firms  are  assumed 
to  adjust  toward  a  desired  level  of  productive  capacity.  As  a  result,  they  may 
react  differently  to  changes  in  outout  and  changes  in  the  relative  cost  of 
capital . 


Evidence  of  These  Theories 

The  maior  compari'^ons  o'f  these  various  theories  of  investment  have  been 
undertaken  by  a  variety  of  economists,  most  recently  by  Peter  Clark  n_979l. 

The  results  are  not  unequivocal;  in  particular,  Jorqensen  and  Siebert  n_968) 
and  Bischoff  reach  completely  different  conclusions  about  the  worthiness  of  the 
standard  neoclassical  model.  With  this  caveat,  we  report  that  the  general 
conclusions  are  as  follows: 

1.  Cash  flow  by  itself — i.e.,  without  considering  the  favorable  effects  of 
lower  tax  rates  or  more  favorable  depreciation--has  no  significant 
effect  on  investment.  This  means,  for  example,  that  a  corporate  cash 
rebate,  or  a  lowering  of  the  tax  brackets  for  the  first  $100,000  of  net 
corporate  income,  would  have  very  little  if  any  positive  effect  on 
investment.  Indeed,  Bischoff  (1971b)  reports  that  "The  performance  of 
the  two  cash  flow  equations,  in  contrast  to  that  of  the  three  models  in 
which  output  plays  a  ma.ior  role,  is  definitely  inferior  ...  the  results 
do  not  seem  to  support  the  profit-based  model."  ip.  33).  Jorqensen  and 
Siebert  (p.  209)  also  conclude  that  "theories  based  on  capacity 
utilization  or  profit  expectations  ...  are  superior  to  a  theory  based 
on  internal  funds  available  for  investment."  Hence  at  least  this  point 
appea'"S  to  be  well  established  in  the  literature. 

2.  The  standard  neoclassical  model,  which  posits  the  same  elasticity  for 
output  as  for  rental  cost,  is  unduly  restrictive  and  in  general  leads 
to  poor  forecasts  and  simulation  results.  The  problem  is  clearly  seen 
in  a  comparison  given  by  Bischoff  (197ib)  for  the  predictive  value  of 
the  five  classes  of  investment  functions  mentioned  previously  for  the 
period  1971-1973.  Four  of  tre  five  accurately  predicted  the  sharp 
increase  in  real  capital  spending  that  occurred  during  this  period; 
yet  the  standard  neoclassical  model  predicted  a  slight  decline. 
According  to  Bischoff,  this  failure  is  due  to  "the  weakness  of  the 
accelerator  effect  in  this  equation,  as  well  as  the  low  long-run  output 
multiplier."  fpp.  42-43). 

3.  Taken  together,  the  tax  variables  aooear  to  have  a  potent  effect  on 
raising  investment,  although  it  is  not  clear  whether  this  short-te'^m 
effect  continues  in  the  lonq  run.  Work  done  bv  these  economists  shows 


a  close  coi't^elation  between  the  chanqe  in  investment  and  the  laqqed 
chanqe  in  the  effective  corporate  income  tax  rate--i,e.,  takinq  into 
account  chanqes  in  all  the  tax  laws  affectinq  investment--onc9  the 
effect  of  chanqes  in  output  have  been  determined. 

This  evidence  suqqests  that  the  most  appropriate  description  of  investment 
is  one  that  takes  into  account  real,  discounted  rates  of  '^eturn,  output  o'" 
capacity,  and  tax  incentives  on  investment.  Yet  most  of  the  system  dynamics 
models  of  investment  fe.q.,  Mass  1975;  Day  19801  rely  on  the  accelerator 
version  of  investment  or  on  cash  flow,  as  does  the  oriqinal  version  of  ERDYM. 
In  the  next  section  we  show  how  a  model  of  investment  can  be  structured  to 
incorporate  these  additional  considerations. 


3.2.2  Implementinq  the  Investment  Sector 


A  ma.ior  flaw  in  the  specification  of  the  previous  version  of  ERDYM  was  the 
modeling  of  the  business  decision  to  invest.  Whei^eas  an  economist  would 
envision  a  firm  makinq  a  rational  decision  to  replace  or  expand  the  existinq 
plant  and  equipment  based  on  analysis  of  discounted  returns  and  costs  of  the 
investment  project,  the  model  prior  to  modification  structured  that  decision 
primarily  as  a  financial  one,  larqely  placinq  the  decision  in  the  hands  of 
lendinq  institutions.  Moreover,  the  financial  institution's  decision  was  based 
larqely  on  the  level  of  debt  of  the  industry  and  the  historical  ratio  of  debt 
to  equity.  In  the  current  version,  these  shortcominqs  have  been  corrected. 

We  have  replaced  the  maximum  debt-equity  ratio  that  limited  investment  with 
a  moving  average  of  industry  debt.  This  moving  average  then  becomes  the  norm 
against  which  financial  institutions  measure  their  willingness  to  lend.  But 
this  willingness  is  modified  by  real  inte'-est  rates  along  the  lines  suggested 
in  the  previous  section.  Thus  the  influence  of  the  availability  of  funds  on 
investment  is  tempered  by  the  opportunity  that  investment  provides  to  generate 
a  return  sufficient  to  cover  its  costs.  So  on  the  financial  side  we  have 
altered  the  model  to  fit  more  realistically  into  the  framework  of  the  monetary 
sector  described  in  the  next  section. 

'Ve  have  further  modified  the  business  sector  at  the  point  where  the  firm 
makes  a  decision  to  invest.  The  o'"iginal  version  of  the  model  added 
replacement  and  expansion  demand  for  capital  to  determine  desit^ed  capital 
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purchases.  As  far  as  it  goes,  there  is  nothing  wrong  with  the  aoproach.  We 
have  expanded  this  decision-making  aonaratus  to  exolicitlv  take  into  account 
the  cost  of  capital.  We  have  done  so  bv  constructing  a  user  cost  of  capital 
variable  that  modified  the  desired  level  of  capital  purchases  bv  '^educing  or 
magnifying  desired  capital  as  user  costs  are  high  or  low,  resoectively.  The 
user  cost  of  capital  is  derived  from  the  neoclassical  theory  of  capital 
accumulation. 

The  neoclassical  theory  of  capital  accumulation,  based  on  the  work  of  Dale 
Jorgensen  and  others,  argues  that  the  relevant  cost  of  capital  that  enters  the 
business  decision  process  includes  a  number  of  factors  other  than  just  the 
price  of  the  caoital  goods.  Specifically,  the  user  should  include  the 
discounted  tax  value  of  depreciation;  the  tax  rate  apolicable  to  the  firm; 
other  tax  incentives  such  as  the  investment  tax  credit;  appropriate  measures  of 
the  finance  costs  associated  with  the  capital  undertaking,  either  through 
equity  financing  or  borrowing;  and  the  relative  price  of  the  caoital  goods 
compared  to  the  price  of  the  goods  produced  by  that  investment.  We  have 
constructed  this  user,  or  rental,  cost  of  capital  from  the  tax  rates  and 
interest  rates  that  exist  in  the  model. 

The  model  uses  this  rental  cost  of  capital  measure  to  alter  the  levels  of 
desired  capital  reolacement  or  exoansion.  Once  the  rental  cost  variable  is 
constructed,  it  is  used  as  input  to  a  function  that  acts  as  an  investment 
multiplier— increasing  the  desired  level  of  investment  if  the  rental  cost  is 
low,  reducing  it  if  the  rental  cost  is  high.  This  multiplier,  then,  acts  as  an 
investment  elasticity  in  a  manner  similar  to  the  effects  of  interest  rates 
discussed  before. 

The  initializing  data  for  EROYM  have  been  undated  from  1965  to  1972.  To 
change  the  initialization  period,  we  have  had  to  derive  a  number  of  series  from 
published  sources  that  need  exolanation.  In  the  main,  our  strategy  has  been  to 
use  published  sources  of  data  where  available,  with  onlv  the  necessary 
modification  needed  to  fit  within  the  framework  of  the  model.  The  maioi^  intent 
of  this  section  is  to  sketch  out  the  sources  of  data  and  to  describe  the  types 
of  modifications  made  when  the  published  data  were  inadequate. 

There  ai^e  several  sources  of  data  on  which  we  have  tried  to  rely.  Where 
oossible  we  have  used  the  Bureau  of  Economic  Analysis  data  in  all  the  9NP 


accounting  identities.  Industry  detail  for  emoloyinent,  orofits,  and  outout 
are  taken  from  the  Bureau  of  the  Census.  We  have  used  the  1972  Inout-Outout 
table  to  update  the  industry  coefficients  where  applicable.  Capital  stock  data 
are  attributable  to  the  Bureau  of  Industry  Economics.  All  the  agencies 
mentioned  so  far  belong  to  the  Department  of  Commerce.  Financial  data  we  have 
collected  from  the  Federal  Reserve  System.  But  we  have  supplemented  this 
financial  data  with  industry  detail  available  from  the  Internal  Revenue 
Service — 1972  Corporate  Income  Tax  Returns. 

We  have  relied  on  IRS  data  to  develop  an  industry  distribution  of  assets 
and  liabilities.  But  these  numbers  haye  very  little  relationship  to  the 
published  National  Income  and  Product  Account  numbers.  To  align  these 
different  sources  of  data,  we  have  relied  on  the  Commerce  data  sources  as 
benchmarks,  using  the  IRS  data  to  provide  the  appropriate  industry  distribution 
of  balance  sheet  entries. 

3.3  MONETARY  SECTOR 

The  monetary  sector  that  we  enyisaged  introducing  into  ERDYM  can  be 
developed  along  lines  suggested  bv  James  Tobin  fl980).  It  is  a  general 
eguilibrium  model  that  recognizes  the  balance  sheet  and  portfolio  constraints 
that  affect  the  behavior  of  major  economic  f actors—households,  businesses, 
financial  institutions,  government,  and  the  rest  of  the  world.  The  balance 
sheet  constraint  applies  across  sectors—e.g.,  the  financial  assets  created  by 
banks  when  they  float  business  loans  are  exactly  offset  by  the  liabilities  of 
the  businesses— while  the  portfolio  constraints  apply  to  each  sector.  In  the 
case  of  households,  for  example,  the  portfolio  constraint  assures  that 
adjustment  to  assets  held  by  the  household  sector  in  one  time  period  are 
identical  to  net  sayings  in  that  period.  The  structure  of  these  relationships 
can  be  pictured  as  a  matrix,  with  the  sectors  as  headings  for  the  columns  and 
the  rows  identified  for  each  class  of  asset.  Then  the  balance  sheet 
restrictions  imply  that  entries  for  the  different  sectors  on  any  row  will  sum 
to  zero.  Similarly,  the  portfolio  restrictions  reguire  that  the  column  entries 
sum  to  the  change  in  the  net  wealth  oosition  of  the  sector;  net  savings  for  the 
household  sector;  the  negative  of  investment  to  the  business  sector;  the  net 
surplus  for  the  government  sector;  zero  for  the  financial  sectoi^;  and  the 
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current  account  deficit  for  the  rest  of  the  world.  The  balance  sheet  identity 
for  this  total  row  is  the  familiar  savinqs-investment  identity. 

This  matrix  of  financial  flows  is  converted  to  a  model  of  economic  behavior 
when  the  entries  in  one  or  more  of  the  cells  of  the  matrix  are  treated  as 
variables  with  equations  exolaininq  the  acquisition  or  sale  of  the  asset.  Then 
the  balance  sheet  constraints  become  equi libratinq  conditions  for  the  asset 
market  represented  by  the  row,  and  the  total  rows  for  all  sectors  become  the 
locus  of  the  I-S  curve.  These  flows  occur  within  any  sinqle  time  period;  a 
dynamic  model  can  be  constructed  from  these  flows  by  havinq  stocks  adiust 
through  time  on  the  basis  of  these  flows.  Since  this  approach  to  stock 
adjustment  is  consistent  with  the  system  dynamics  approach  and  DYNAMO,  the 
Tobin  qeneral  equilibrium  aporoach  seemed  an  ideal  strateqy  to  follow  for 
modification  of  ERDYM. 

As  development  proceeded  on  this  type  of  model,  it  became  evident  that  the 
structure  of  ERDYM  could  not  support  even  a  simplified  version  of  a  Tobin 
model — the  financial  flows  simply  did  not  exist.  In  consequence,  the 
implementation  of  the  model  in  a  form  suitable  for  ERDYM  is  less  than  the 
qeneral  equilibrium  structure  that  was  hoped  for.  The  remainder  of  this 
section  will  detail  both  the  theoretical  structure  of  the  model  and  the 
adjustments  that  were  made  to  this  structure  to  enable  the  construction  of  a 
financial  sector  in  ERDYM. 

3.3.1  Theoretical  Structure 

Beqin  by  considerinq  a  financial  system  that  consists  of  five  sectors. 

These  are  households,  businesses,  financial  institutions,  qovernment,  and  the 
rest  of  the  world.  The  rows  identify  alternative  assets.  A  matrix  constructed 
to  reflect  this  financial  system  is  presented  in  Table  3.1.  An  entry  in  a  cell 
of  the  matrix  is  the  net  transaction  of  the  sector  aurinq  the  time  period  under 
consideration:  refer  to  such  an  entry  as  ^x^-,  where  the  x  is  the  flow 
transaction,  the  s  represents  the  sector,  and  the  i  identifies  the  asset. 

Consider  as  an  example,  that  the  asset  A1  is  money.  The  entry  under  the 
household  sector  for  this  asset  would  be  the  net  additions  to  demand  deposits, 
increases  in  currency  holdinqs,  and  possibly,  additions  to  time  and  money 
market  deoosits,  dependinq  on  the  chosen  definition  of  the  money  supoly.  The 


entry  under  businesses  would  be  similar  to  the  household  sector;  it  would 
represent  net  additions  f subtractions!  to  the  cash  account  of  businesses. 

Under  the  financial  sector,  the  entry  would  represent  the  net  increase  in  the 
liabilities  of  the  banking  sector  that  are  included  in  the  money  suoplv,  i.e., 
changes  in  demand  deoosits  held  by  business  and  households.  Since  these  are 
liabilities  to  the  banks,  this  entry  would  have  a  negative  sign.  The 
government  entry  would  represent  net  additions  to  high-powered  money--currencv 
and  deposits  that  can  be  used  as  reserves.  The  final  entry  would  be  the 
foreign  balance  entry  for  the  rest  of  the  world  that  would  represent  the  net 
capital  flow  on  current  account  that  falls  within  the  definition  of  money.  In 
the  asset  market  for  money,  as  for  any  other  asset  in  a  closed  system,  the  sum 
of  these  five  entries  must  be  zero. 

TABLE  3.1.  Financial  Flows  Matrix 


Assets 

A1 

A2 


Sectors 

Rest  of 

Households 

Business 

Financial 

Government 

World 

Total 

hy 

h 

'’y 

0 

'2 

0 

A3 

Total 

Net  Savings  (-! 

0 

Investment 

Deficit  (-!  0 

Current 
Account 
Balance 


The  transactions  that  occur  during  the  time  period  for  a  sector  (the 
entries  down  a  column!  represent  adjustment  to  the  portfolio  of  the  sector. 
Consider  the  household  sector  as  an  examole.  Within  the  time  period  used  for 
analysis,  the  household  will  liguidate  some  assets,  acquire  other  assets,  alter 
its  savings  and  demand  deposits,  and  have  assets  revalued  as  a  result  of  price 
changes  during  the  period.  The  net  change  in  the  oortfolio  of  the  household 
sector  will  be  the  financial  representation  of  the  savings  effected  by  that 
sector  during  the  period. 
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This  matrix  of  financial  flows  takes  on  the  characteristics  of  an  economic 
model  when  the  entries  in  the  cells  become  variables  that  are  exolained  with 
behavioral  equations.  For  examole,  the  money  holdings  of  households  might  be 
represented,  in  standard  Keynesian  terms,  as  a  function  of  transactions  demand, 
while  other  household  asset  demand  might  be  more  directly  related  to  liquidity 
preference.  Thus  the  savings  function  takes  on  the  familiar  form  of  most 
textbook  representations— jointly  determined  by  transactions  demand  and 
liquidity  preference.  As  equations  are  added  to  explain  cells  in  the  matrix, 
the  balance  sheet  identities  become  market  clearing  conditions;  similarly,  the 
portfolio  identities  allow  the  reduction  of  the  number  of  markets  considered. 
This  form  of  financial  model  could  be  estimated  econometrical ly  exploiting  the 
balance  sheet  and  portfolio  condition  in  the  estimation  of  the  parameters  of 
the  model . 

But  the  approach  taken  here  is  quite  different.  The  first  step  in  the 
conversion  of  this  theoretical  framework  to  a  financial  model  in  ERDYM  is  the 
selection  of  the  sectors  and  the  identification  of  the  flows  in  the  model.  The 
second  stage  is  the  development  of  the  balance  sheet  identities  that  allow  for 
a  consistent  monetary  sector.  The  final  stage,  then,  is  the  specification  of 
monetary  policy  and  how  it  influences  the  sector.  These  are  the  topics  of  the 
next  section. 

3.3.2  Implementation 

Some  thought  had  been  given  to  the  construction  of  a  monetary  sector  in  the 
original  version  of  ERDYM.  Two  balance  sheet  items  were  identified  in  the 
model  when  work  began  on  modification:  the  total  loans  and  total  demand 
deposits  of  the  financial  system.  After  updating  the  model  to  the  1972  data, 
these  balance  sheet  flows  bore  little  relationship  to  any  reported  financial 
statistics  that  the  Federal  Reserve  published,  so  we  began  the  work  anew.  The 
current  specification  of  the  sector  balance  sheet  is  given  in  Table  3.2. 

The  assets  of  the  financial  system  consist  of  loans  to  the  business  sector 
and  required  reserves.  The  liabilities  of  the  system  are  deposits  from 
households  and  businesses,  the  reserve  base,  and  borrowed  reserves. 


TABLE  3.2.  Monetary  Sector  Balance  Sheet 


Assets  _ Liabilities _ 

Total  Loans  Household  Demand  Deoosits 

Business  Demand  Deposits 

Required  Reserves  Monetary  Base 

Borrowed  Reserves 

An  accounting  identity  is  maintained  between  the  three  reserve  entries.  As 
demand  deposits  grow,  required  reserves  grow.  These  are  satisfied  bv  the 
growth  of  the  reserve  base,  a  monetary  policy  variable,  or  through  borrowings. 
Changes  in  borrowed  reserves  affect  the  rate  at  which  interest  rates  change. 

An  approximate  accounting  identity  is  maintained  between  loans  and  changes  in 
demand  deoosits.  This  is  not  strictly  an  identity  because  the  financial 
markets  for  other  assets  do  not  currently  exist  in  the  model  (more  on  this 
point  later). 

Business  demand  deoosits  are  related  to  the  change  in  business  cash,  one  of 
the  financial  flows  in  the  business  sector.  Household  demand  deposits  are 
based  on  both  the  transactions  demand  for  money  and  the  interest  sensitivity  of 
holding  money  rather  than  earning  assets  that  reflect  lost  opportunities. 
Specifically,  the  household  money  demand  function  is  as  follows; 

HHDD^  =  S  *  ^t  * 

Thus,  the  interest  elasticity  of  the  demand  for  money  is  -.2  and  the  income 
elasticity  of  the  demand  for  money  is  1.  These  numbers  are  reasonable 
approximations  to  the  empirical  evidence  available. 

Monetary  policy  impinges  on  the  financial  system  in  a  number  of  wavs. 
Required  reserves  are  determined  by  the  monetary  authorities  and  established  by 
fiat.  Any  additions  to  currency  as  a  result  of  minting  new  money  (net  of 
replacement  of  retired  currency)  enter  the  financial  system  as  high-powered 
money  (reserve  base).  Open  market  operations,  the  third  tvpe  of  monetary 
policy,  affect  the  financial  sector  through  changes  in  the  reserves  available 
to  meet  reserve  requirements.  Sales  and  purchases  on  the  open  market  will  also 
alter  the  yields  of  government  securities,  thus  changing  the  desired  holding  of 


these  assets  in  the  financial  sector's  portfolio  of  assets,  as  well  as  in  other 
sectors'  portfolio  of  assets.  In  the  current  reoresentation  of  the  monetary 
sector  in  ERDYM,  this  market  adjustment  occurs  directly  rather  than  through  an 
equilibrating  adjustment  of  portfolios  in  other  sectors.  Specifically, 
Durchases  of  bonds  by  the  monetary  authorities  results  in  a  reduction  of  the 
reserve  base,  which  forces  the  banks  to  borrow  reserves  to  meet  statutory 
reserve  requirement  ratios  (assuming  no  reduction  in  deposits).  Borrowing 
reserves  affects  the  government  interest  rate,  driving  it  up  fractionally. 
Higher  government  interest  rates  in  turn  put  uDward  pressure  on  the  other 
interest  rates  within  the  economv,  bringing  about  adjustments  to  the  portfolio 
position  of  the  banks. 

To  trace  this  effect,  first  consider  the  household  demand  for  money.  From 
the  equation  above,  it  is  evident  that  a  10  percent  increase  in  the  government 
interest  rate  (or  appropriate  consumer  rate)  will  reduce  household  demand 
deposits  by  2  percent.  This  will  reduce  the  reserve  requirements  for  banks 
fractionally,  thus  reducing  the  need  to  borrow  reserves.  In  short,  the 
feedback  mechanism  is  negative— it  has  a  tendency,  other  things  being  equal,  to 
correct  itself. 

In  the  business  sector,  the  effects  are  less  direct,  but  work  similarly. 
Hiqhe»"  government  rates,  through  the  yield  curve  that  links  short  and  longer 
term  rates,  will  bring  about  an  increase  in  the  business  interest  rate 
(historically  the  prime  rate).  This  will  tend  to  discourage  business 
borrowing,  discourage  investment,  and  indirectly  through  changes  in  aggregate 
demand,  reduce  the  sales  of  firms.  At  the  same  time,  higher  interest  costs  are 
factored  in  as  higher  production  costs,  and  are  translated  into  lower  business 
cash  Dositions— the  key  variable  that  determines  business  deposits.  Thus, 
business  demand  deposits  will  also  decline,  indicating,  again,  a  negative 
feedback  loop. 

We  conclude  this  section  with  a  brief  discussion  of  the  mechanism  by  which 
the  change  in  reserve  borrowing  influences  interest  rates  and  how  short-term 
'“ates  are  translated  into  a  yield  curve.  Under  normal  policy  conditions,  the 
reserve  base  is  adjusted  to  keen  oace  with  required  reserves  under  current 
deposit  conditions,  modified  bv  a  monetarv  policy  function  exolained  in  more 
detail  in  the  next  section  (the  normal  value  of  which  is  1).  The  reserve  base 


is  then  compared  with  the  current  status  of  reserves  to  determine  if  further 
reserves  must  be  borrowed.  The  percentage  of  required  reserves  that  needs  to 
be  borrowed  is  then  interpreted  as  the  rate  at  which  the  aovernment  rate 
changes,  subject  to  maximum  allowable  fluctuations.  The  business  interest  rate 
follows  the  change  in  government  rate,  but  with  fractionally  less  amplitude  of 
change.  In  similar  fashion,  mortgage  and  savings  interest  '^ates  are  likewise 
adjusted,  but  with  respectively  less  amplitude  of  change.  The  consumer 
borrowing  rate  is  presumed  to  remain  fixed  at  its  statutory  maximum  levels. 

The  implementation  of  monetary  policy  in  ERDYM  allows  for  a  variety  of 
policy  rules,  all  of  which  can  be  modified  to  alter  the  simulation  of  the 
economy.  The  discussion  of  these  policy  options  is  the  topic  of  the  next 
section. 

3.4  MONETARY  AND  FISCAL  POLICY 

As  previously  mentioned,  the  major  focus  of  monetary  policy  is  the  reserve 
base  out  of  which  the  banks  can  maintain  required  reserves.  Under  "normal" 
conditions,  the  monetary  authorities,  would  allow  the  reserve  base  to  grow  at 
the  same  rate  that  required  reserves  grow,  thus  eliminating  the  need  for  banks 
to  borrow  reserve.  But  for  conditions  to  be  normal,  three  targets  must  be 
met.  First  the  perceived  rate  of  growth  of  GNP  must  be  equal  to  the  target 
rate  of  growth;  second,  the  unemployment  rate  must  be  equal  to  its  target  rate; 
and  third,  the  inflation  rate  must  be  equal  to  its  target.  The  growth  target 
policy  variable,  MPOL,  is  designed  to  magnify  or  reduce  the  growth  of  the 
reserve  base  as  the  growth  trajectory  of  the  economy  is  above  or  below  the 
target.  It  acts  in  a  multiplicative  manner,  just  as  the  investment  modifiers 
acted. 

The  unemployment -inflat ion  tradeoff  policy  variable  (UIPOLl  also  acts 
multiplicatively,  but  in  quite  a  different  manner.  In  this  case,  the  policy 
variable  is  constructed  with  the  explicit  recognition  that  there  is  a  tradeoff 
between  these  two  goals  (see  Gramlich  1979).  The  design  of  the  policy  function 
is  as  follows: 


UIPOL  =  wl*fUN/UN*)'’^  +  w?*MNF/INF*)°^ 


(3.?) 


With  deviations  from  an  unemoloyment  target  fUN*^  weighted  bv  wl  and  raised  to 
a  power  (pi)  in  the  same  manner  that  deviations  from  an  inflation  target  (INF*) 
are  handled.  In  this  case  the  weights  must  sum  to  one.  All  of  the  oolicy 
parameters  of  this  function,  the  targets,  the  weights  and  the  powers,  are 
subiect  to  manipulation  by  the  person  simulating  the  model.  Furthermore, 
different  regimes  of  pol icy--e.g. ,  allowing  higher  inflation  during  recoverv-- 
are  allowed. 

Several  other  monetary  policy  options  exist  in  this  imolementation  of 
ERDYM.  Interest  rates  can  be  exogenized  throughout  an  entire  simulation  or 
only  during  recovery.  An  historical  counterpart  to  the  latter  regime  of  policy 
was  the  monetary  rule  in  effect  after  World  War  II  that  restricted  interest 
rates  to  reduce  the  burden  of  wartime  debt  incurred.  Alternatively,  a 
monetarist  rule — a  constant  rate  of  growth  in  base  reserves — can  be  out  into 
effect.  A  number  of  these  options  are  shown  as  examples  in  the  chapter 
detailing  the  simulations  of  the  model. 

The  fiscal  policy  variables  subject  to  control  in  this  implementation  of 
ERDYM  are  less  rich  in  their  effects,  but  do  have  some  influence  on  the  model. 
Industry  corporate  tax  rates  can  be  modified,  for  example,  and  this  will 
influence  the  level  of  government  revenues  and  have  some  bearing  on  the  demand 
for  capital  equipment.  If  this  oolicv  lever  is  reduced,  for  example,  it  will 
reduce,  at  any  given  level  of  prices  and  interest  rates,  the  rental  cost  of 
capital,  thus  stimulating  investment.  The  same  is  true  of  modifications  to  the 
asset  lives  of  equipment  and  to  investment  tax  credits,  and  in  changes  to  the 
depreciation  rules  with  regard  to  equipment.  But  in  this  implementation  of 
ERDYM,  these  effects  are  clearly  less  potent  than  they  might  actually  be  in 
practice. 


4.0  OTHER  MODEL  OHANRES,  REPORT  CAPABILITY.  AND  MODEL  INITIALIZATION 


In  addition,  to  the  maior  chanqes  in  model  soecif ications  described  in  the 
previous  section,  work  in  the  current  study  covered  several  other  areas. 

First,  a  number  of  more  limited  chanqes  were  made  to  the  structure  of  the 
model.  Second,  a  siqnificant  effort  was  devoted  to  buildinq  an  easy-to-use 
report  qenerator  for  the  model.  Finally,  in  preoaration  for  the  historical 
simulations  to  be  described  in  the  next  chapter,  considerable  attention  was 
oaid  to  model  initialization.  Each  of  these  areas  is  described  below  in 
turn. 

4.1  OTHER  MODEL  CHANGES 

As  the  primary  aim  of  this  study  was  to  resoecify  the  investment  and 
monetary  sectors,  chanqes  in  other  sectors  were  qenerally  performed  to  simplify 
the  structure  of  the  model  or  to  help  calibrate  the  model  to  historical  data. 
Three  main  areas  were  addressed:  11  the  rental  buildinq  sector,  2)  qovernment 
transfer  payment,  3)  availability  of  imports. 

4.1.1  Rental  Buildinqs 

The  oriqinal  Puqh-Roberts  fP-R)  model  contains  an  elaborate  rental 
buildings  sector.  Rental  buildings  were  treated  as  if  they  could  not  be 
substituted  for  "owned"  buildings.  Thus,  there  were  separate  depreciation 
equations  and  allocation  mechanisms  soecificallv  for  rental  buildings.  This 
allowed  the  direct  computation  of  rental  payments  as  a  component  of  fixed 
production  costs. 

In  a  long-run  recovery  model  such  as  ERDYM,  this  ti^eatment  seemed  both 
unrealistic  and  unnecessary.  Rental  payments  are  such  an  extremely  small 
fraction  of  unit  costs,  that  little  impact  would  be  expected  if  these 
payments  were  simply  subsumed  as  oart  of  the  normal  ourchases  from  the  trade 
and  service  sector  (which  includes  the  real  estate  sector).  Allocation  of 
rental  buildings  in  a  supply  shortage  is  not  really  meaningful  in  the  presence 
of  owned  buildings.  Rental  payments  as  a  separate  cost  item  were  dropped  from 
the  model  and  were  assumed  to  be  reflected  in  the  Payments  to  the  service 
sector.  This  change  has  the  effect  of  simplifying  the  overall  model  structure 
and  making  the  specification  of  the  demand  for  buildings  more  transparent. 


4.1.?  Transfer  Payments 


In  the  oriqinal  P-R  study,  transfer  payments  were  specified  in  tet^ms  of 
current  dollars  per  year  per  beneficiary.  This  treatment  yields  different 
levels  of  household  real  income  deoendinq  uoon  the  specific  price  level 
generated  by  the  model.  Moreover,  in  the  oriqinal  specification,  all  transfer 
payments  were  divided  into  two  categories — public  assistance  payments 
depending  uoon  the  unemployed  population  and  social  security  payments. 

In  the  present  study  all  transfer  payments  are  specified  in  terms  of  real 
(constant  197?)  dollars  per  beneficiary.  ERDYM  inflates  these  values  to 
current  dollars  based  on  the  prevailing  orice  level  generated  by  the  model.  In 
addition,  the  public  assistance  category  is  now  disaggregated  to  treat 
unemployment  compensation  and  other  transfer  payments  separately.  The  details 
of  this  revised  treatment  and  data  sources  are  discussed  in  Aooendix  A,  section 
A. 6. 


4.1.3  Import  Availability 

The  specification  of  import  ayailability  was  changed  in  response  to 
model  behavior  during  recovery.  In  the  oriqinal  model  the  demand  for 
imports  and  exports  was  influenced  by  an  exogenous  factor  termed  the 
"availability"  of  imports  and  exports.  This  time-dependent  variable  was 
introduced  by  P-R  in  order  to  limit  foreign  trade  in  the  period  immediately 
after  a  ma.ior  attack.  In  normal  conditions  the  value  of  thisvariable  is 
one. 

In  some  test  simulations  of  recovery  scenarios,  total  imoorts  displayed  a 
tendency  to  explode  when  the  availability  variable  influencing  exports  and  / 
imports  returned  to  its  maximum  (normal)  value.  If  shortages  persisted  in  th^ 
economy,  total  imports  would  sometimes  exceed  exports  by  as  much  as  tenfold./ 
The  behavior  is  unreasonable  in  light  of  the  fact  that  exchange  rates  wouWbe 
expected  to  adjust  over  time  to  eliminate  such  imbalances.  / 

To  provide  some  sort  of  temporary  remedy  to  this  problem,  aval labi 1 iry 
variables  were  defined  separately  for  both  exoorts  and  imoorts.  The  ^port 
availability  variable  is  specified  exoqenouslv,  as  before,  and  is  time 


dependent.  The  import  availability  variable,  however,  is  made  a  function  of  a 
variable  called  the  balance  of  trade  factor  ^BOTFAC).  This  va>'iable  is 
oroDortional  to  a  smoothing  function  of  the  ratio  of  total  exports  to  total 
imports.  Thus,  total  imports  are  made  to  adjust  in  a  reasonable  fashion  to  the 
growth  in  total  exports,  although  the  procedure  used  does  not  maintain  imports 
and  exports  strictly  in  balance.  A  more  sophisticated  approach  would  be  to 
define  a  level  variable  for  the  exchange  rate,  which  would  continually  adjust 
to  eliminate  any  balance  of  trade  deficit.  Such  a  refined  specification  awaits 
further  work  on  the  model. 

4.1.4  National  Accounts  Variables 

The  definition  of  familiar  GNP  components  shown  in  the  national  accounts 
has  been  expanded  considerably  from  the  original  model.  For  current  dollar 
items,  variables  representing  producers'  durable  and  nonresidential  structures 
are  now  defined  in  the  model.  In  the  original  model,  onlv  GNP  was  available 
in  terms  of  constant  dollars.  In  the  present  study,  variables  for  all  of  the 
major  fixed  investment  categories  plus  personal  consumption  expenditures  are 
now  defined  in  both  current  and  constant  prices.  These  variables  now  allow  the 
user  to  more  quickly  analyze  the  results  of  particular  scenarios  in  terms  of 
the  major  GNP  aggregates. 

4.2  REPORT  CAPABILITIES 

At  an  early  point  in  the  study,  it  became  apparent  that  the  existing  print 
facilities  provided  by  the  DYNAMO  complier  were  inadequate  to  allow  the  user  to 
efficiently  analyze  the  model  behavior.  Figure  4.1  shows  an  example  of 
DYNAMO'S  standard  tabular  output.  For  a  small  model  containing  a  few  variables 
this  format  is  sufficient.  However,  since  only  14  variables  can  be  printed  on 
each  line,  a  DYNAMO  report  for  several  hundred  variables  will  necessarily  take 
up  many  lines.  As  Figure  4.1  shows,  all  of  the  variable  titles  are  printed  en 
mass  at  the  top  of  the  report,  followed  by  the  scale  factors,  and  then  the 
actual  variable  values  for  each  solution  print  interval. 

To  work  with  a  complex  model  such  as  ERDYM,  the  analyst  frequently  regui'-es 
that  many  variables  be  printed  for  the  numerous  "trace  back"  exercises 
required.  Thus,  in  the  initial  work  with  ERDYM  in  this  study,  several 
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FIGURJ  4._1.  Example  of  DYNAMO  Tabular  Output 


cages  of  variable  names  would  be  produced,  followed  bv  an  equal  number  of  scale 
factors,  and  finally,  the  solution  values.  With  no  convenient  variable  titles, 
it  becomes  a  nearly  imoossible  task  to  analyze  the  behavior  of  oarticular 
variables  for  simulations  consisting  of  more  than  just  a  few  time  periods. 

To  remedy  this  situation  one  of  the  early  tasks  of  this  study  was  to 
consti'uct  an  external  reoort  writer  for  ERDYM,  which  could  be  used  in  either 
batch  or  interactive  mode.  The  resulting  set  of  programs  we  have  termed 
DYNAPRINT  can  be  applied  to  any  standard  DYNAMO  model.  Not  having  access  to 
the  internal  structure  of  DYNAMO,  DYNAPRINT  processes  the  standard  print  file 
produced  by  DYNAMO  fas  in  Figure  4.11 

The  data  base  loading  program  constructs  a  variable  definition  key, 
flexible  enough  to  handle  both  single  variables  and  DYNAMO  arrays,  based  on  the 
variable  names  at  the  too  of  the  print  file.  The  only  restriction  is  that  the 
user  includes  only  one  variable  or  array  on  each  DYNAMO  print  card.  The 
number  and  order  of  the  variable  names  is  then  used  by  the  program  as  a  key 
to  orocess  the  scale  factors  and  variable  solution  values.  The  vai'iable 
definition  key  and  the  data  are  then  written  to  separate  random  access  files, 
using  the  standard  features  of  the  UNIVAC  FORTRAN  compile*". 

The  data  base  retrieval  routine  is  written  to  accept  user  input  in  free 
format  and  allows  the  user  to  produce  a  variety  of  reoorts.  To  print 
macroeconomic  variables  such  as  *"eal  GNP  fRGNPl  and  the  inflation  rate  ^NFRl, 
with  DYNAPRINT  the  user  simply  types: 

SHOW  RGNP  INFR 

The  procedure  then  prints  the  definition  of  both  variables,  followed  by  two 
columns  of  time  series  outout  after  a  column  of  dates.  For  arrays  the  program 
will  automatically  print  time  series  in  serial  for  each  element  of  the  array 
fe.g.,  production  over  time  of  each  of  the  ERDYM  sectors).  In  addition  to  the 
SHOW  command,  a  comparison  feature  is  available  to  allow  side-by-side 
compa*"ison  of  variables  from  alternative  simulations. 

Most  of  the  tables  in  the  following  two  chapters  were  produced  with 
DYNAPRINT.  The  user's  guide  to  the  model  orovides  complete  instructions  on  how 
to  use  DYNAPRINT  and  the  files  it  generates.  Since  many  of  the  command  files 
have  been  generated  for  the  work  in  this  study,  the  user  in  most  cases  will 


need  to  type  only  a  sinqle  command  to  oroduce  a  standard  summary  report  for  a 
specific  simulation. 

4.3  MODEL  INITIALIZATION 

Initialization  of  a  model  as  larqe  as  EROYM  is  a  complex  task.  There  are 
seyeral  objectiyes  to  the  initialization.  First,  the  values  of  the  model 
variables  must  be  both  internally  consistent  and  must  also  correspond 
reasonably  to  historical  statistics.  Second,  the  variables  must  be  defined  so 
that  a  reasonable  growth  equilibrium  is  established.  As  our  experience  with 
the  model  indicates,  achievinq  an  approximate  historical  solution  for  the  final 
few  periods  does  not  assure  that  the  model  will  reasonably  track  the  longer 
term  trends  of  the  economy.  The  decision  to  rely  heavily  on  the  National 
Income  and  Product  Accounts  and  associated  input-output  accounting  framework 
aids  significantly  in  achieving  an  internally  consistent  model  solution  for  the 
base  period.  Although  the  original  P-R  version  of  the  model  did  employ  the 
1967  U.S.  input-output  table,  their  choice  of  data  sources  for  other  industry 
variables--employment,  indirect  tax  rates,  etc. --could  have  been  improved  so  as 
to  make  the  overall  system  internally  more  consistent.  In  trial  simulations, 
this  resulted  in  larqe  changes  in  certain  variables  over  the  first  few  time 
periods,  although  the  model  eventually  would  move  onto  a  stable  growth 
trajectory.  However,  the  lack  of  consistency  among  the  original  model 
variables  made  it  difficult  to  interpret  many  aggregate  results  in  light  of 
familiar  GNP  accounts. 

4.3.1  Sector  Production  and  Prices 

Conceptually,  two  familiar  input-outout  accountinq  '^elationshios  must  be 
satisfied  in  the  base  period.  The  first  relates  to  oroduction,  the  second  to 
final  demand;  algebraically  we  have: 

X,-  A,,x,  +  f,  (4.11 

where 

x.j  =  gross  output  in  sector  i 

A.j^  =  input-output  coefficient,  the  amount  of  input  i  required  per 
dollar's  worth  of  production  of  output  i 
f^  =  final  demand  foo  sector  i 
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Equation  (4.1i  simoly  states  that  sectoral  oroduction  fx-l  is  comoosed  of 
output  sold  to  other  industries  ■f'or  use  in  production  and  of  sales  to  ^inal 
demand.  When  the  inout-outout  framework  of  Equation  M.l)  is  made  consistent 
with  the  national  accounts,  the  sum  over  i  of  f^  is  Gross  National  Product. 

The  second  accountinq  relationship  involves  value  added  and  sectoral 
prices  as  shown  below: 

».  =  A,,  D,  t  V, 

where 

p^-  =  output  price  of  sector  j 

A^-^.  =  input-output  coefficient,  as  defined  for  f4.1) 

v^.  =  value  added — labor  compensation,  indirect  business  taxes,  and 

profit-type  income--per  unit  of  output 

Equation  (4.21  relates  the  outout  orice  in  each  sector  to  intermediate  input 
costs  ("material"  costs!  plus  the  cost  of  primary  factors  of  production 
(including  indirect  business  taxes).  Again,  if  the  input-output  system  is 
consistent  with  the  national  accounts,  the  sum  of  the  v^  components  can  be 
interpreted  as  GNP  as  measured  from  the  income  side.  In  the  National  Income 
and  Product  Account,  the  value  added  in  each  industry  fy^l  is  termed  Gross 
Product  Originating  (GPO). 

Initializing  an  equilibrium-type  model  so  as  to  satisfv  Equations  (4.1)  and 
(4.2)  is  not  difficult,  especially  if  the  base  period  of  the  model  corresponds 
to  a  year  of  a  published  input-output  table.  Convertinq  the  production  flow  to 
input-output  coefficients  and  using  the  published  final  demand  by  sector  is  a 
simple  matter  of  solving  the  (Leontief)  equation  for  sectoral  outputs.  The  use 
of  Equation  (4.2),  after  the  conversion  of  income  flows  to  coefficients,  yields 
a  price  vector,  P^.,  whose  values  are  all  unity  in  the  base  oeriod.  Thus,  the 
model  is  internally  consistent  and,  by  definition,  agrees  with  the  published 
national  accounts  in  the  base  oeriod. 

To  the  extent  oossible,  the  use  of  the  inout-outout  accountinq  framework  in 
Equations  (4.1)  and  (4.2)  guided  much  of  the  effort  to  initialize  ERDYM.  The 
choice  of  1972  as  the  base  year  the  model  was  strongly  influenced  bv  the 
existence  of  the  official  Commerce  Department  table  for  the  year.  Section  A.l 
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of  Appendix  A  describes  the  aggregation  of  the  FEMA  Input-Output  Table  fbased 
directly  on  the  Commerce  Deoartment  Table)  to  the  11 -sector  ERDYM 
classification.  Section  A.l  also  describes  how  the  final  demands  by  sector  for 
government,  exports,  and  imports  were  also  taken  from  this  table. 

For  a  number  of  reasons,  a  precise  solution  to  Equations  (4.1)  and  (4.?) 
was  not  possible  in  the  base  period  of  the  model.  (That  is,  the  input-output 
framework  of  the  model  does  not  generate  outputs  identical  to  the  1972  table, 
and  the  sectoral  prices  are  not  all  one  in  the  base  period.)  On  the  production 
side  [Equation  (4.1)]  there  are  two  maior  causes  of  these  discrepancies.  The 
first  relates  to  the  specification  of  several  of  the  final  demand  components. 
The  second  reason  involves  the  way  the  lags  are  specified  within  the  model  and 
the  way  in  which  DYNAMO  initializes  the  system. 

With  respect  to  the  final  demands,  lack  of  resources  precluded  the 
calibration  of  the  base  period  inventory  change  and  consumption  figures  to 
exactly  match  the  values  from  the  1972  table.  In  addition,  in  the  fullblown 
input-output  accounting  framework,  investment  bv  industry  is  converted  into 
final  demand  by  capital  goods  sectors  by  use  of  what  is  termed  a  "caoital 
distribution"  matrix.  In  ERDYM,  this  process  is  simplified  by  collapsing  the 
production  of  all  capital  goods  into  one  sector  (sector  five).  The  distortion 
resulting  from  this  assumption  also  contributes  to  the  discrepancies  in  the 
^inal  demand  vector. 

In  addition  to  the  discrepancies  caused  bv  the  specification  of  final 
demand,  the  dynamic  character  of  the  model  also  introduces  some  error  when  one 
attempts  to  generate  the  historical  production  values  within  the  model.  In 
ERDYM,  production  does  not  match  demand  instantaneously,  but  rather  depends 
upon  planned  production  resulting  from  previous  demands.  In  the  process  of 
setting  the  various  production  and  inventory  lags  in  the  model,  some  slippage 
occurs  in  the  translation  of  historical  final  demand  to  historical  oroduction. 
This  slippage  is  unavoidable  since  there  are  no  historical  "data"  on  the  many 
production-related  variables  in  the  model,  only  on  realized  sales  to  final 
demand  and  total  production. 

As  a  crude  means  of  adiusting  for  the  discreoancies  caused  from  the  two 
sources,  an  adjustment  vector  fADJFDi  was  introduced  which  scales  the  total 
demand  in  the  first  oeriod  of  the  model  to  yield  production  figures  that 


approximately  match  the  197?  published  data.  These  factors  qenerally  ranqe 
between  .95  and  1.05.  The  resuHinq  production  magnitudes  produced  by  the 
model  are  compared  to  the  historical  data  in  Table  4.1. 

Discrepancies  on  the  price  side  stem  from  analaqous  causes.  First,  some 
error  is  introduced  as  an  imoerfect  correspondence  was  achieyed  between 
historical  data  and  model -qenerated  values  for  other  profits,  depreciation,  and 
interest  charges  by  sector.  Another  thorny  problem  is  the  return  to 
proprietors  in  the  medical  service,  construction,  and  service  sectors.  On  the 
orice  side  as  well  as  the  production  side,  the  specification  of  behavioral  lags 
necessarily  introduced  some  errors.  For  instance,  prices  depend  on  perceived 
cost,  rather  than  actual  cost;  perceived  cost  is  a  fexponential 1  smoothed 
function  of  lagged  cost. 

Table  4.1  shows  the  values  of  the  sectoral  price  deflators  produced  by  the 
model  in  the  first  period  of  the  baseline  historical  simulation.  For  most 
sectors,  the  values  are  within  five  percent  of  the  ideal  value  of  1.0.  This 
level  of  correspondence  was  judged  sufficiently  accurate,  so  that  current 
dollar  magnitudes  in  subsequent  periods  can  be  comoared  with  actual  historical 
data. 

4.3.?  Other  Variables 

The  initialization  of  other  variables  to  a  197?  base  in  the  model  was 
fairly  straightforward,  since  these  variables  do  not  display  the  degree  of 
interdeoendency  that  characterizes  sectoral  production  and  prices.  As  in  the 
original  P-R  version,  sources  for  many  of  these  variables  are  simply  cited  in 
the  model  source  code,  as  can  be  found  in  Volume  III  of  this  report.  Other 
variables  for  which  significant  computation  was  required  are  discussed  in 
Appendix  A.  This  princioally  covers  transfer  payments,  capital  stocks,  and 
monetary  aggregates. 
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Table  4.1.  Production  and  Price  Initialization  bv  Sector 


Actual 
Production 
(Billion  1972$! 

Computed 
Production 
(Billion  1972$) 

Computed  Price 
Deflator 

1. 

Metals 

62.2 

61.2 

1.032 

2. 

Non-metals 

23.9 

22.6 

.969 

3. 

Energy  Products 

111.2 

109.4 

.961 

4. 

Non-fuel  Consumable  184.4 

177.9 

1 .032 

Materials 

5. 

Caoital  Goods 

246.8 

237.4 

.959 

6. 

Buildinq/Construction  165.9 

160.1 

.974 

7. 

Consumer  Goods 

88.0 

84.4 

.969 

8. 

Agriculture 

201.9 

197.2 

.967 

9. 

Medical  Services 

;  55.3 

55.1 

1.083 

10. 

Transportation 

76.6 

76.4 

1.059 

5.0  HISTORICAL  SIMULATIONS 


This  chapter  presents  results  of  several  simulations  of  the  model  over  the 
period  1972-1984.  These  simulations  are  designed  to  show  the  growth 
characteristics  of  the  model  under  no>"mal  conditions  and  to  demonstrate  that 
the  model  tracks  historical  performance  of  the  economy  with  reasonable 
accuracy.  The  first  part  of  this  chapter  reports  these  historical 
simulations.  A  second  objective  of  this  chapter  is  to  show  the  sensitivity  of 
the  mode:  to  several  key  oolicv  ootions.  As  reoorted  in  Chapter  3,  the  model 
can  be  simulated  with  a  variety  of  monetary  policy  functions.  The  second  part 
of  this  chapter  reports  two  alternative  simulations  that  alter  these  policy 
functionS“in  one  case  by  chanq'ng  the  weights  aoplied  to  the  unemoloyment  and 
inflation  targets,  in  another  by  applying  a  strict  monetarist  reserve  growth 
rule. 

5.1  RESULTS  OF  HISTORICAL  SIMULATIONS 

The  model  results  for  the  "baseline"  simulation  are  shown  for  key 
macroeconomic  variables  in  Table  5.1.  Before  discussing  the  values  of  the 
variables  themselves,  some  discussion  of  the  table  format  may  be  useful.  The 
table  reproduces  the  computer  output  from  the  DYNAPRINT  utility  program, 
described  in  Section  4.2.  The  printing  interval  is  annual,  startinq  with  the 
first  period  of  the  simulation,  1972.00.  The  actual  solution  interval  of  ERDYM 
is  .0625.  Each  year  consists  of  16  periods,  and  the  report  in  Table  5.1  shows 
the  values  of  each  of  the  variables  for  the  first  period  of  each  year.  For 
flow  variables  IGNP  aggregates!,  the  magnitudes  are  exoressed  at  annual  rates, 
as  the  definition  key  over  the  table  indicates.  The  values  of  most  historical 
variables  have  been  initialized  to  1972  annual  averages;  accordingly,  for 
historical  comparisons  we  have  generally  interoreted  the  values  in  Table  5.1  to 
correspond  to  annual  averages.  In  most  cases,  this  assumption  is  fairly 
reasonable,  except  in  cases  where  the  variable  disolays  show  sharo  year-to- 
year  changes. 

By  looking  at  Table  5.1  and  succeeding  tables,  the  reader  should 
continually  be  aware  of  the  exponent  that  is  orinted  at  the  too  of  each 
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TABLE  5.2.  Comparison  of  Alternative  Policy  Target  Weights 


FABLE  5.3.  Comparison  of  Alternative  Growth  Rates  of  Reserve  Base 
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reasonable  when  the  scale  factor  of  10  is  apolied. 

5.1.1  Macroeconomic  Results 

Real  GNP  (RGNPl  in  column  one  shows  steady  growth  from  1P7?  to  1984. 
Variable  PGGNP,  which  measures  an  annual  growth  rate  in  real  GNP,  reveals  some 
slight  cyclical  variations.  Althouah  the  growth  rates  do  not  turn  negative, 
they  do  decline  moderately  in  1975  and  throughout  the  1980-83  period,  roughlv 
consistent  with  historical  behavior.  A  graphical  comoarison  of  the 
baseline,  and  actual  real  GNP  Mn  Figure  5.11  shows  that,  although  the  model 
does  not  catch  the  cyclical  turning  points,  the  trend  growth  over  the  17-vear 
period  matches  very  closely.  When  analyzed  from  a  standpoint  of  percentage 
differences,  the  maximum  deviation  is  only  4.2  percent,  well  within  the  goal  of 
+20  accuracy. 

The  inflation  rates  generated  by  the  model  (INFRl  emplov  a  smoothing 
function  provided  by  the  DYNAMO  language.  We  have  chosen  a  period  of  .25 
for  the  smoothing  period.  Based  on  this  assumption,  the  inflation  rates  shown 
in  Table  5.1  can  be  roughly  interpreted  as  the  guarterly  inflation  rates  fon  an 
annual  basis!  measured  at  the  beginning  of  each  year.  Although  the  inflation 
rates  peak  during  1974  and  they  also  rise  again  in  1980,  the  overall  level  of 
inflation  rates  is  lower  than  the  historical  record  (shown  in  Figure  5.2). 

The  rates  of  inflation  are  stronaly  influenced  by  the  oarameters  o+  the  wage 
function  in  the  model.  These  oarameters  have  been  chosen  to  yield  reasonable 
inflation  rates  over  the  complete  baseline  solution,  extending  to  the  year 
2005.  A  second  cause  of  the  deviation  stems  from  the  fact  that  none  of  the 
various  shocks--price-wage  decontrol,  commodity  shortages,  and  oetroleum 
interruotions--exoerienced  by  the  U.S.  economy  in  the  1970s  are  reflected  in 
the  model  in  any  wav.  Thus,  the  oattern  of  inflation  rates  shown  can  be 
roughly  interpreted  as  the  underlying  rate  of  inflation  in  the  absence  of  these 
shocks. 

The  values  of  nominal  GNP  in  Table  5.1  of  course  reflect  the  oattern  of 
general  inflation.  By  1983,  the  model  underpredicted  the  nominal  GNP  by  S750 
billion  in  1983,  aporoximatel v  32  oercent.  This  results  direcfv  +rom  the 
underprediction  of  the  in+lation  rate. 
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Simulated  and  Actual .  IS  1-83 


The  unemDloyment  rates  correspond  rouqhly  with  level  of  real  GNP,  but  they 
do  not  vary  a  great  deal  owing  to  the  fairly  smooth  trend  growth,  Howeve'", 
unemployment  does  respond  to  changes  in  the  growth  in  GNP.  The  employment  rate 
rises  nearly  a  full  percentage  point  in  1975  as  the  growth  in  real  GNP  slows 
compared  to  its  change  in  the  two  prior  years.  A  comparison  of  the  unemploy¬ 
ment  rate  from  the  model  and  the  actual  <~ates  over  197P-83  is  shown  in  Figure 
5.3. 

Each  of  the  three  investment  series  displays  the  general  pattern  of 
historical  investment  over  the  1972-83  period,  although  the  model  underoredicts 
actual  behavior.  Residential  housing  (HBC)  shows  high  levels  of  activity  in 
1972  and  in  1973  with  subsequent  decline  in  1974-75  that  corresponds  closely  to 
the  historical  record.  The  model  shows  an  upturn  in  1977,  which  corresponds 
well  with  the  magnitude  of  the  actual  value  of  61.0  billion.  Nonresidential 
structures  investment  shows  little  year-to-year  variance;  this  pattern  roughly 
corresponds  to  the  historical  values  that  range  between  44  billion  and  53  bil¬ 
lion  1972  dollars  over  the  1972-83  period. 

A  comparison  between  actual  and  model -generated  values  for  producers' 
durable  equipment  (POE)  is  shown  in  Figure  5.4.  The  pattern  is  reasonably 
consistent  for  the  first  four  or  five  years  after  which  the  model  appears  to 
underpredict  by  slightly  more  than  20  percent,  ''lore  detailed  analysis  suggests 
several  reasons  why  this  may  occur.  First,  the  predictions  of  the  sectoral 
output  series,  upon  which  the  investment  functions  ""^e  tied,  show  some  large 
errors  in  trend  growth  rates.  The  transportation  sector,  which  is  a  large 
purchaser  of  POE,  is  a  case  where  the  output  is  significantly  underpredicted  bv 
the  model.  Secondly,  the  investment  functions  are  not  estimated,  as  for  an 
econometric  model,  thus  the  variables  describing  planned  output  and  adiustment 
periods  are  fixed  by  assumption  rather  than  estimated  from  the  data.  This  has 
the  effect  of  not  putting  the  investment  in  the  proper  growth  equilibrium  at 
the  beginning  of  the  simulation.  Although  the  simulated  POE  is  lower  than 
historical  levels,  longer  run  simulations  show  that  POE  remains  a  fairly 
constant  fraction  of  GNP  on  average.  This  is  consistent  with  economic  growth 
theory  and  vital  to  a  balanced  "long-run  growth  path  for  EROYM. 

The  three  primary  interest  rates  in  the  model  are  in  the  second  panel  of 
Table  5.1,  As  described  in  Chapter  3,  the  government  bin  rate  ^GIR)  is  the 
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key  rate  in  the  model.  IDOT  show*;  the  rate  of  chanqe  of  GRI  in  the  first 
oeriod  of  each  year.  The  business  rate  (crime  rate  denoted  BINTR)  and  the 
mortgage  rate  (MINTR)  adiust  at  specified  fractions  of  IDOT.  ror  the 
simulation  shown  in  this  report,  these  fi'actions  are  .9  for  BINTR  and  .?5  for 
MINTR. 

Figure  5.5  shows  a  plot  of  the  3-month  historical  bill  rates  (annual 
average)  versus  the  values  shown  in  Table  5.1.  The  pattern  of  interest  rate 
movements  shows  some  of  the  same  cvclical  variation  as  the  history,  although 
considerably  attenuated.  The  link  between  the  interest  rates  and  investment 
shows  up  most  clearly  in  1980-83,  as  BINTR  rises  by  approximately  one 
percentage  point  per  year,  total  PDF  falls  by  some  S2  to  S3  billion  per  year. 

The  final  set  of  variables  in  Table  5.1  relates  to  the  monetary  sector.  As 
described  in  Chapter  3,  the  reserve  base  is  initialized  at  the  value  of 
unborrowed  reserves  for  the  total  commercial  banking  system.  Total  demand 
deposits  are  initialized  at  the  value  of  published  demand  deposit  component  of 
the  Ml  money  stock.  The  magnitude  of  the  reserve  base  by  1983  exceeds  actual 
reserves  by  some  $130  billion.  Primarily,  this  is  due  to  the  basic  unitary 
income  elasticity  assumed  for  demand  deposits  in  the  model.  Howeve'",  in  terms 
of  the  behavior  of  the  model,  the  overprediction  is  not  critical.  The  short- 
run  changes  in  interest  rates,  which  are  the  maior  linkage  from  the  financial 
to  the  real  sector,  would  not  differ  appreciably  had  a  lower  income  elasticity 
been  used.  Since  Ml  is  the  single  measure  of  the  money  stock  available  in  the 
model,  it  was  felt  that  the  current  specification,  holding  the  money  stock 
roughly  proportional  to  nominal  GNP,  faciliates  the  interoretation  of  long-run 
simulations. 

Positive  values  of  borrowed  reserves  (BORESl  indicate  net  borrowings  from 
the  Federal  Reserve;  negative  values  represent  excess  reserves.  The  change  in 
reset^ve  position  influences  the  change  in  the  government  rate  as  described  in 
Chapter  3.  This  relationship  can  be  seen  by  comoaring  the  values  of  BORES  and 
IDOT  in  the  table.  The  values  of  BORES  do  not  exceed  5  percent  ot  the  reserve 
base  in  absolute  terms  over  the  1972-84  period.  This  value  is  somewhat  higher 
than  actual  experience,  but  this  behavior  is  reasonable  considering  that  the 
model  does  not  have  a  completely  develooed  set  of  interrelated  financial 
markets  nor  does  it  attempt  to  model  Federal  Reserve  discount  policy.  A  maior 


FIGURE  5.5.  Three-month  Treasury  Bill  Rate: 

Simulated  and  Actual,  1972-83 


factor  influencing  the  reserve  oosition  of  the  banking  secto'"  is  the  soeed  of 
adiustment  of  interest  rates,  and  the  attendant  response  in  real  economic 
activity.  The  maximum  speed  of  adiustment  is  set  to  4  percentage  points  oer 
year.  With  the  exception  of  the  initial  period  of  the  model,  the  changes  in 
GIR  denoted  by  IDOT  are  all  considerably  less  than  this  limit,  suggesting  that 
the  real  and  financial  sectors  are  reasonably  close  to  a  growth  equi 1 ib>"ium. 

The  final  yariable  shown  in  Table  5.1  is  MPOL  the  monetary  policy 
indicator.  As  described  in  Chapter  3,  the  growth  in  the  reserye  base  can  be 
specified  to  be  either  exogenous  or  related  to  a  "reaction"  function 
intended  to  represent  central  bank  behavior.  In  the  baseline  simulation  this 
reaction  function  (see  Equation  (3.1)  is  activated  and  thus  MPOL  shows  the 
extent  to  which  unborrowed  reserves  grow  faster  or  slower  than  needed  to 
satisfy  the  requirements  of  the  banking  systems.  Values  less  than  one 
represent  contractionary  policy;  and  vise  versa  for  values  exceeding  one.  The 
relationship  between  borrowed  reserves  and  MPOL  is  clearlv  shown  in  the  table. 
Comparing  1975  and  1976,  for  example,  reveals  that  MPOL  moves  to  the 
expansionary  side,  changing  from  1.236  to  .823.  Excess  reserves  increase 
(BORES  change  from  -$1066  million  to  -$821  million)  and  the  government  rate 
falls  by  one  and  a  half  a  percentage  point.  Note  that  the  MPOL  function 
cycles  throughout  the  1972-84  period,  as  the  central  bank  continually  adjusts 
reserve  growth  to  meet  the  desired  targets  here,  set  at  2.5  percent  growth  in 
GNP,  six  percent  unemployment,  and  three  percent  inflation.  Of  course  the 
model  underestimates  the  magnitude  of  the  actual  cyclical  behavior  of  1972-84, 
because  none  of  the  exogenous  shocks  of  the  70s  were  imposed;  nevertheless,  the 
endogenous  cyclical  behayior  reoresented  in  the  model  may  indeed  be  reflecting 
some  elements  of  the  real  business  cycle  behayior  of  the  U.S  economy. 


5.1.2  Industry  Results 

Figures  5.6  through  5.16  show  the  actual  and  the  model-generated  real  gross 
output  by  sector  over  the  period  1972-1982.  Actual  gross  outputs  are  derived 
by  aggregating  1972  constant  dollar  product  values  from  the  Bureau  of  Labor 
Statistics  Economic  Growth  Model.  Each  of  these  series  was  scaled  to  match  the 
1972  production  value  as  computed  from  the  aggregated  1972  femA  Inout-Outout 
table  (see  Aopendix  A). 
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The  ovet^all  conclusion  that  can  he  di^awn  from  these  industry  figures  is 
this:  at  the  disaggregated  industry  level,  ERDYM  simulates  actual  industry 
output  with  reasonable  accuracy.  There  are  instances  when  the  tracking  of 
individual  industries  deviates  bv  more  than  20  oercent,  but  these  cases  are 
rare.  As  examoles.  Figures  0,7  and  5.1b  show  that  the  model  does  not  reolicate 
the  non-metals  and  transportation  sections  for  the  pe'"iod  1977-1979,  nor  does 
the  model  capture  the  cyclical  down  time  in  consumer  goods  in  1980-1982  (Figure 
5.121.  But  with  these  exceptions,  ERDYM  does  guite  well  in  reproducing  the 
industry  output  over  the  historical  period  1972-1982, 

5.2  ALTERNATIVE  POLICY  SIMULATIONS 

Having  described  the  baseline  growth  traiectory  of  the  economy,  we  now 
turn  to  the  question  of  what  effect  alternative  policies  have  on  this 
traiectory.  For  example,  what  difference  would  it  make  to  the  growth  oath  of 
the  model  if  the  monetary  authorities  choose  a  different  decision  rule,  say, 
they  out  more  emphasis  on  unemlovment.  This  section  illustrates  the 
sensitivity  of  the  model  to  alternative  monetary  policy  parameters.  The  first 
alternative  simulation  considers  a  change  of  the  relative  weight  on  employment 
and  inflation  in  the  reactive  policy  function.  Subsequent  simulations  show  the 
behavior  of  the  model  in  response  to  constant  growth  in  unborrowed  reserves. 


5,2.1  Change  in  Policy  Weights 

In  the  baseline  simulation  discussed  in  Section  5.1,  the  weights  on  the 
monetary  policy  function,  explained  in  more  detail  in  Section  3.4,  were  as 
follows:  the  square  deviation  from  targeted  unemployment  was  qiven  55  percent 
of  the  total  weight,  while  the  squared  deviation  from  targeted  inflation  was 
weighted  45  oercent.  In  the  alternative  now  considered,  the  weights  are 
shifted  to  be  equal — both  inflation  and  unemployment  are  qiven  equal  weight. 
This  simulation,  compared  with  the  baseline  simulation,  is  reported  as  Table 
5.2. 

The  first  page  of  Table  5.2  shows  three  of  the  critical  variables  from  both 
simulations  and  the  differences  between  them.  As  expected,  when  the  monetary 
authorities  put  more  weight  on  the  inflation  target  and  allow  more  unemploy¬ 
ment,  real  GNP  is  lower,  unemployment  is  higher,  and  inflation  is  reduced. 


Since  this  does  not  really  represent  a  ma.ior  shift  in  policy,  the  differences 
are  not  large  for  these  three  variables.  iJnemoloyment  is,  at  its  maximum,  only 
about  half  a  percent  h-igher  than  in  the  base  case.  The  difference  in  inflation 
rates  is  somewhat  greater,  but  never  a  full  percent  lower  than  that  in  the  base 
case.  By  the  end  of  the  period  reported  in  Table  5,2,  this  tighter  monetary 
oolicy  yields  a  real  GNP  that  is  $14  billion  lower  than  the  base  simulation. 

The  second  page  of  Table  5.2  reports  three  additional  variables  that  give 
an  indication  of  how  the  shift  in  policy  weights  is  translated  into  action. 

The  prime  interest  rate,  BINTR,  although  usually  lower  in  the  alternative 
simulation,  can  be  lower  because  the  monetary  authorities  react  more  guicklv 
to  inflationary  pressures.  The  pattern  of  interest  rates  demonstrates  this 
quite  clearly.  Although  the  moyements  are  very  similar,  in  the  alternative 
case  BINTR  rises  more  rapidly  and  drops  more  quickly,  thus  resoonding  more 
forcefully  to  inflation  before  the  cumulative  effect  builds.  The  monetary 
policy  indicator,  MPOL  is  usually  tighter  in  the  alternative  than  in  the  base 
case,  and  when  policy  is  loose,  the  alternative  case  is  usually  looser.  The 
final  variable  reported  on  this  page,  real  producers'  durable  equioment 
purchases,  responds  with  sensitivity  to  changes  in  the  interest  rate.  5ince  a 
more  rapid  policy  allows  generally  lower  interest  rates,  the  alternative  case 
shows  a  generally  higher  level  of  investment  in  equioment. 

5.2.2  Constant  Growth  of  Monetary  Base 

In  this  section  trie  reactive  monetary  policy  rule  is  switched  off,  and 
nonborrowed  reserves  are  specified  to  grow  at  fixed  rates  of  growth.  Our  tests 
with  the  model  revealed  that  growth  rates  of  reserves  must  be  chosen  to  be 
reasonably  consistent  with  the  initial  growth  rates  of  nominal  income  and  with 
the  wage  function  of  the  model.  Table  5.3  compares  six  key  variables  for  two 
simulations;  11  a  base  case  for  which  nonborrowed  reserves  grow  at  a  7.5 
percent  annual  rate  and  21  an  alternative  in  which  the  growth  rate  i'  raised 
*■0  3  oercent.  A  comoarison  of  real  GNP  between  the  two  scenarios  shows  that, 
thp  long  run,  the  rate  of  monev  growth  does  not  appreciably  affect  the 
.-‘'-ill  level  of  economic  activity.  Nominal  income  is  influenced  by  the  rate 
••  growth;  by  1Q95  the  curt-ent  dollar  GNP  in  the  3  oercent  case  is 
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some  8.6  percent  higher  than  in  the  base  case.  This  oercentaqe  difference  is 
not  far  from  the  difference  in  nonborrowed  reserves  in  1995,  11  percent. 

The  cyclical  pattern  of  differences  for  POE  reflects  what  one  could 
expect  from  an  economy  reacting  against  alternative  levels  of  reserves  growing 
at  fixed  rates.  In  the  8  percent  case,  interest  rates  first  decline  relative 
to  the  regime  with  slower  reserve  growth.  This  stimulates  investment  activity, 
which  in  turn  lowers  the  unemployment  rate  (shown  as  UnRATEl  and  pushes  up  the 
rate  of  inflation.  The  higher  nominal  income  generated  by  the  higher  wage  and 
prices  then  drives  uo  the  demand  for  transactions  balances.  The  dynamics 
within  the  model  cause  the  system  to  slightly  overshoot;  the  increased  money 
demand  by  1977  causes  interest  rates  in  the  8  percent  case  to  exceed  those  in 
the  base  case.  Although  this  reduces  investment  demand  and  pushes  up 
unemployment,  the  long  lags  involved  cause  the  inflation  rate  to  remain 
above  the  base  case  until  1985.  For  the  remainder  of  the  1980s  through  1995, 
another  cycle  is  generated  in  which  the  interest  rates  in  the  8  percent  case 
again  fall  below  the  base  case. 

These  simulations  show  that  the  model  can  display  results  reasonably 
consistent  with  classical  theory,  if  the  alternatvie  assumptions  reaarding 
money  growth  are  chosen  to  yield  simulations  in  which  the  financial  and  real 
sectors  remain  in  near  equilibrium.  Note  that  the  influence  of  money  in  the 
long  run  orice  level  does  not  stem  from  any  sort  of  quantity  theory  of  money. 
Rather,  it  stems  from  more  standard  economic  structure  in  which  the 
unemployment  rate,  average  over  the  course  of  the  business  cycles,  settles  at  a 
point  that  is  constant  with  the  prevailing  rate  of  growth  in  the  money  suoolv. 


6.0  ATTACK  SCENARIOS  AND  POLICY  TESTING 


This  chapter  shows  the  sensitivity  of  the  revised  model  to  a  number  of 
attack  scenarios  and  recovery  policies.  As  discussed  in  Chapter  ?,  there  is  a 
variety  of  available  policv  levers  within  ERDYM  that  can  be  engaged  in  order  to 
stimulate  economic  recovery  after  attack.  However,  the  focus  of  this  chapter 
will  be  on  the  sensitivity  with  respect  to  various  monetary  oolicv  oarameters. 
In  addition,  the  revised  model  will  also  be  tested  to  determine  if  the  general 
conclusions  (derived  from  the  original  1980  specification)  still  hold  with 
regard  to  the  magnitude  of  the  attack  scenarios  and  the  importance  of  the 
psychological  effects.  Before  turning  to  the  results  of  the  attack 
simulations.  Section  6.1  provides  a  general  discussion  of  how  an  attack  is 
represented  within  EROYM. 

6.1  REPRESENTATION  OF  DAMAGE 

ERDYM  employs  two  mechanisms  to  represent  damage  from  a  nuclear  attack  or 
other  major  emergencies:  1)  a  sudden  reduction  of  stock  variables,  Pl  a 
sudden  transfer  of  stocks  into  a  different  condition.  The  fundamental  "attack" 
inputs  are  physical  and  "psychological"  damage,  not  megatons  of  bombs.  Any 
translation  of  specific  weaoons  "laydowns"  into  damage  estimates  must  be  made 
outside  the  model. 

6.1.1  Reduction  of  Stock  Variables 

The  primary  means  of  specifying  damage  within  ERDYM  is  the  immediate 
reduction  of  stock  variables  at  a  user-specified  time  period.  The  equation  for 
each  key  stock  variable  contains  a  special,  depleting  flow  whose  value  is 
normally  zero.  When  an  attack  occurs,  this  flow  is  then  increased  sufficiently 
to  reduce  the  level  of  the  stock  bv  a  specified  fraction.  The  exact  magnitude 
of  the  flow  is  determined  through  what  Pugh-Roberts  terms  a  "zap"  function. 
Through  the  zao  function,  the  destruction  of  various  amounts  of  oooulation, 
capital  goods,  buildings,  inventories,  and  balance  sheet  variables  can  be 
effected  in  the  model.  In  addition  to  these  tangible  items,  the  levels  of 
various  expectation  variables--Dercei ved  commoditv  demands,  expected  standards 
of  living,  and  so  forth — can  also  be  reduced  bv  the  same  mechanism. 


6.1.?  Transfer  of  Stocks 

The  transfer  of  stocks  into  special  cateqories  is  anothe*^  effect  of  a  maior 
attack.  In  the  demoqraohic  sector,  some  fraction  of  each  population  g'^oup  may 
be  specified  tp  be  in.iured  and  is  shifted  into  a  "sick"  cateoorv.  The 
fraction  of  those  who  recover  depends  on  other  variables  in  the  model  such  as 
the  amount  of  food,  exposure  to  winter  weather,  and  the  availability  of 
medical  care. 

For  capital  equipment,  two  special  cateqories  that  can  be  activated  in  the 
event  of  an  attack  are  specified  in  the  model.  The  first  cateqory  is  labeled 
"rubble,"  which  represents  a  physical  burden  to  be  removed  and  also  a 
osvchological  burden--in  the  sense  that  it  serves  as  a  constant  reminder  of 
the  drastic  change  in  lifestyle  that  must  now  be  endured.  A  second  kind  of 
transfer  allows  the  model  to  realistically  represent  the  damage  to  key  links 
in  an  interconnected  system.  This  is  accomolished  bv  transferring  a  oortion  of 
the  capital  stock  into  a  "disconnected"  category.  Such  equipment  can  make  no 
contribution  to  current  oroduction,  as  other  complementary  equipment  has  been 
destroyed.  Destruction  of  a  oortion  of  electrical  transmission  lines  would, 
for  example,  result  in  the  transfer  of  generation  equipment  to  this  cateqory. 

In  the  model,  the  implementation  of  this  feature  requires  that  for  each  unit  of 
capital  destroyed  the  user  specifies  a  quantity  to  be  transferred  into  the 
disconnected  category.  Subsequent  investment  after  the  attack  is  directed 
first  to  rebuilding  destroyed  bottlenecks;  this  investment  activity  then  has 
disproportionate  effects  on  productive  capacity  as  capital  is  tranferred  from 
the  "disconnected"  to  an  operational  status. 

6.?  ATTACK  SCENARIOS 

The  discussion  of  attack  scenario  is  divided  into  two  sections.  In  the 
first,  several  scenarios  are  run  to  show  the  recovery  response  to  the  magnitude 
of  destruction.  In  the  following  section,  the  level  of  the  attack  is  held 
constant,  and  several  types  of  povernment  oolicies  are  examined  as  to  their 
impact  on  recovery. 
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6.?.1  Effect  of  Attack  Magnitudes 

The  attacks  considered  in  this  section  are  ail  balanced,  in  the  sense  that 
equal  fractions  of  all  stock  variable  a'^e  all  suddenly  destroyed.  Such 
variables  include  pooulation,  equioment,  buildings,  inventories,  consumer 
durables,  crops,  and  financial  assets  and  liabilities.  One  element  of  this 
scenario  is  not  "balanced,"  however.  Foreign  trade  is  assumed  to  be 
interrupted  for  the  first  six  years  after  the  attack  and  then  gradually  phased 
in  so  that  complete  trade  availability  is  attained  a  decade  after  the  attack. 

Figure  6.1  shows  the  growth  path  of  real  GNP  immediately  before  and 
following  an  attack  assumed  to  occur  in  the  first  period  of  1984.  As  the 
figure  shows,  GNP  resumes  growth  at  basically  the  same  rate  as  before  the 
attack . 

As  Pugh-Roberts  pointed  out,  this  immediate  resurgence  of  cirowth  after  the 
attack  is  not  unexpected  since  a  standard  economic  model  cannot  distinguish 
between  a  small,  healthier  economy  and  a  formerly  larger,  but  now  damaged 
economy  of  the  same  size.  In  an  actual  attack,  however,  there  is  some  memory 
of  the  attack  in  the  form  of  bodies  of  the  dead,  the  rubble  of  destroyed 
buildings,  and  the  changed  attitudes  of  the  survivors.  This  memory  may  have 
its  own  impact  on  the  economy  by  influencing  work  and  saving  habits. 

In  Figure  6.2,  the  path  of  real  GNP  is  compared  for  simulation  involving  30 
and  50  percent  attacks,  in  addition  to  the  10  percent  destruction  scenario 
considered  above.  For  the  attacks  with  greater  destruction,  RGNP  actually 
declines  for  some  years  following  the  attack  before  sustained  recovery  begins. 
The  simulations  also  suggest  threshold  or  nonlinear  relationship.  The 
ultimate  decline  in  GNP  from  the  30  percent  scenario  is  much  closer  to  the  50 
percent  than  to  the  10  percent  case. 

The  downward  spiral  in  these  30  and  50  percent  cases  can  be  traced  to  the 
psychological  reaction  of  the  population  to  the  more  massive  levels  of 
destruction.  With  tangible  evidence  of  the  horror  of  the  attack  all  around 
them,  the  population  loses  confidence  in  the  future.  This  decline  of 
confidence  is  manifested  in  many  workers  leaving  the  labor  force,  and  in 
declines  in  work  effort  by  those  that  do  remain  employed.  Further  reduction  in 
Dublic  confidence  then  occurs  in  response  to  the  drop  in  output  caused  by  these 
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initial  resDonses  by  workers.  Thus,  a  downward  soiral  in  national  economic 
activity  is  generated  as  oublic  confidence,  worker  attitudes,  and  losses  in 
oroduction  all  reinforce  one  another. 

The  behavior  of  real  GNP  for  the  50  oercent  case  differs  from  that 
generated  by  Pugh-Roberts  in  the  1981  final  reoort,  1  reproduced  here  as  Figure 
6.3).  First,  we  have  incorporated  "balance  sheet  reform"  in  all  scenarios-- 
corporate  debt  is  reduced  proportionally  to  the  losses  in  physical  and  capital 
assets.  Second,  the  maximum  percentage  loss  in  worker  productivity  from  the 
decline  in  public  confidence  is  limited  to  25  percent,  which  we  believe  is  more 
reasonable  than  the  figure  of  50  percent  chosen  by  Puah-Roberts .  This  latter 
assumption  results  in  a  minumum  level  of  real  GNP  that  is  higher  than  the  Pugh- 
Roberts  level.  (In  their  50  oercent  case,  real  GNP  bottoms  out  at  some  90 
percent  below  the  pre-attack  level.)  The  lack  of  balance  sheet  reform  is 
really  what  precludes  any  sustained  recovery  in  their  simulation.  If  this  were 
clearly  the  limiting  factor  preventing  recovery,  it  is  unrealistic  to  believe 
government  would  stand  by  for  several  decades  without  instituting  some  steps 
toward  reform. 

In  the  present  version  of  EROYM,  the  psychological  behavioral  "links"  work 
only  through  worker  productivity  and  labor  force  participation.  In  an  effo'^t 
to  reveal  the  separate  channels  of  influence  of  these  responses,  three 
additional  simulations  were  performed  with  a  constant  30  percent  balanced 
attack  scenario.  In  the  first  of  these  simulations,  it  is  assumed  that  worker 
productivity  does  not  fall  in  '"esponse  to  the  public  confidence  index.  The 
second  simulation  reinstates  the  productivity  response,  but  turns  off  the 
influence  of  public  confidence  on  labor  force.  In  the  final  simulation  both  of 
these  influences  are  removed;  thus  the  model  essentially  is  a  pure  economic 
model  only.  The  traiectories  of  real  GNP  in  the  three  simulations,  along  with 
the  standard  case  with  both  psychological  effects,  are  shown  in  Figure  6.4. 
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The  simulation  shows  clearly  that  the  interaction  of  these  two  resoonses 


is  primarily  responsible  for  the  magnitude  decline  in  '^eal  GNP.  For  each 
considered  separately,  the  severity  of  the  decline  is  not  nearly  as  great.  The 
intent  of  these  simulations  is  to  reveal  to  the  potential  model  user  the 
critical  nature  of  a  few  key  relationships  when  the  psychological  sector  is 
activated. 
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6.2.2  Pol icv  Testing 
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This  section  concentrates  on  the  impacts  that  oarticular  monetary  oolicies 
and  levels  of  interest  rates  may  have  on  the  nature  of  the  recovery  orocess. 
The  first  two  simulations  are  for  a  balanced  attack  of  the  tyoe  considered  in 
Section  6.1.  Further  simulations  look  at  an  unbalanced  attack,  in  the  sense 
that  the  destruction  of  caoital  is  not  the  same  for  each  sector. 

The  first  pair  of  simulations  compares  alternative  monetary  rules  over  the 
first  six  years  after  the  hypothetical  attack.  As  before,  the  attack  is 
assumed  to  occur  in  early  1984.  In  this  case,  the  monetary  policies  are 
assumed  to  follow  the  same  policy  rules  as  for  the  baseline  simulation 
described  in  Chapter  5.  In  the  alternative  ("relaxed"!  case,  it  is  assumed 
that  a  higher  degree  of  inflation  and  a  lower  level  of  unemployment  will  be 
tolerated  until  1990.  After  1990,  it  is  assumed  that  the  policy  rule  will 
revert  to  the  same  as  in  the  base  case.  In  terms  of  the  targets  of  the 
monetary  rule  we  have: 
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Figure  6.5  compares  the  path  of  real  GNP  under  the  two  scenarios.  The 
relaxed  case  does  show  a  higher  level  of  real  GNP  through  most  of  the  oost- 
attack  period,  although  the  series  are  gradually  converging.  The  relaxed  case 
also  shows  more  cvclical  variation  than  that  under  the  standard  rule. 

However,  considering  real  GNP  alone  can  be  misleading  as  an  indicator 
the  total  benefits  of  the  relaxed  policies.  Inflation  rates  in  the  relaxes 
case  are  generally  higher  throughout  the  scenario;  by  ?005  the  price  level  is 
more  than  double  than  that  in  the  standard  policy. 

Table  6.1  compares  a  number  of  key  macroeconomic  indicators  for  both 
oolicies  at  the  beginning  of  each  year  following  the  attack.  Real  GNP  is  in 
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TABLE  6.1.  Comparison  of  Alternative  Policy  Targets  in  the 
Post-Attack  Period  (1984-1990) 
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fact  nen^t'ive  1n  the  first  oeriod  of  19*^4;  this  reflects  the  large  inventory 
losses  ■'.ccomDanvinq  the  attack.  The  '•eader  is  reminded  that  real  GNP  is 
exoressed  at  annual  rates  for  the  first  oeriod  f approximately  three  weeks!  of 
the  year.  Thus,  although  real  GNP  is  neqative  for  the  first  period,  the 
inventory  losses  of  course  do  not  decline  at  this  rate  for  the  remainder  of  the 
year  and  subsequent  values  of  real  GNP  for  the  remainder  of  1984  are  in  fact 
positive. 

Even  though  the  policy  targets  are  different  up  until  1990,  equipment 
investment  does  not  really  begin  to  show  much  difference  until  1988.  This  is 
due  to  the  fact  that  the  immediate  decline  in  GNP  growth  causes  even  the 
standard  policy  to  be  accommodative  in  the  first  few  years  following  the 
attack.  This  can  be  seen  in  the  values  of  the  monetary  policy  indicator  in 
the  second  panel  of  Table  6.1.  The  values  of  MPOL  are  greater  than  one 
until  1986.  By  1987,  the  greater  restrictiveness  of  the  standard  policy  is 
reacting  to  the  supply-generated  inflation  resulting  from  the  absence  of 
import  supplies.  By  1989,  the  business  interest  rate  is  more  than  double  that 
of  the  relaxed  policy.  Note  the  considerable  lag  in  the  system;  although  the 
policy  targets  take  on  the  same  values  in  1990,  it  takes  several  years 
before  the  rise  in  interest  rates  begins  to  cut  back  down  capital  goods 
spending  in  the  relaxed  case. 

The  pattern  of  inflation  rates  calls  for  some  explanation.  As  the 
difference  column  shows,  the  rates  are  generally  higher  throughout  the  entire 
oeriod  in  the  relaxed  policies  case.  In  the  early  1990s  the  difference 
largely  represents  the  commodity  shortages  that  are  extended  by  the  more 
stimulative  policy.  The  subsequent  difference  should  be  viewed  on  the 
"inherited"  inflation  persisting  from  the  period  of  high  economic  activity. 
Unemployment  rates  are  driven  to  much  lower  levels  in  the  expansive  policy,  so 
much  so  that  we  have  imposed  a  maximum  12  percent  annual  rate  of  change  in 
wages.  This  helps  to  explain  the  comparable  inflation  rates  that  occur  in  the 
early  years  of  the  1990s.  The  inflation  rates  drop  in  these  years  as  the 
commodity  supply  shortages  are  eyentually  alleviated.  The  sharp  rise  in 
inflation  rates  in  1997  and  1998  occurs  as  investment  activity  again  grows 
rapidly.  Detailed  analysis  of  the  individual  sector  variables  reveals  that  the 
inflationary  pressures  in  1998-2000  are  concentrated  in  the  capital  goods  and 


construction  sectors,  as  cotnoared  to  the  mo'^e  widely  disoersed  shortages  in  the 
period  inmediately  following  the  attack. 

These  two  simulations  reveal  that  monetary  policy  may  have  the  capacity  to 
propel  the  economy  on  a  higher  growth  path  following  an  attack.  Howevei",  this 
can  only  be  accomplished  by  the  acceptance  of  higher  rates  of  inflation.  This 
conclusion  would,  of  course,  be  altered  if  other  policies  such  as  price-wage 
controls  or  more  restrictive  fiscal  policy  were  undertaken  concurrently. 

6.2.3  Unbalanced  Attack 

In  the  final  attack  simulations,  the  model's  response  to  an  unbalanced 
attack  is  tested.  Although  many  types  of  imbalances  can  be  devised  with  the 
model,  the  approach  here  is  a  simple  one.  All  stock  variables  are  reduced  30 
percent,  as  before,  except  equipment  and  building  in  the  energy  and 
transportation  sectors.  For  these  sectors,  these  stocks  of  capital  goods  are 
reduced  by  50  percent. 

Initial  simulations  with  either  of  the  policy  rules  in  the  previous  section 
revealed  a  serious  limitation  of  the  existing  model.  Because  of  the 
destruction  of  capital  stocks  in  these  sectors,  workers  in  these  industries  are 
thrown  into  the  ranks  of  the  unemployed.  Although  the  imbalances  are 
eventually  corrected  through  higher  rates  of  investment  in  energy  and 
transportation,  unemployment  rates  throughout  the  simulation  never  decline  to 
less  than  10  percent.  This  occurs  even  though  under  a  standard  monetary  rule 
the  interest  rates  are  driven  to  their  floor  levels.  Even  this  stimulus  is 
insufficient  to  raise  aggregate  demand  sufficiently  to  fully  employ  the  labor 
force. 

These  results  arise  primarily  from  the  absence  of  a  market  clearing 
mechanism  in  the  labor  market,  which  effectively  disables  the  endogenous 
monetary  policy  mechanism  within  the  model.  In  soite  of  this  limitation,  some 
insight  can  be  gained  by  analyzing  the  effects  of  alternative  interest  rates 
compared  over  the  post-attack  recovery  period  (see  Table  6.21.  In  the  base 
solution,  business  interest  rates  are  a  constant  seven  percent  from  1985 
through  2005.  In  the  alternative  solution,  these  rates  are  lowered  two 
percentage  points  to  five  percent  during  1985-89. 


TABLE  6.2.  Effect  of  Lower  Interest  Rates  in  Post-Attack 
Period  (1984-1989),  Unbalanced  Attack 


Note  first  how  the  attack  in  this  simulation  differs  from  the  results  in 
the  balanced  case,  shown  in  Table  6.1.  The  cutoff  of  imoorts  generates  several 
years  of  inflation  in  the  15  percent  range.  In  this  simulation,  the  inflation 
rate  is  more  than  double  this  figure  by  1<)95;  petroleum  and  other  energy 
shortages  that  are  widespread  through  the  economy  drive  up  prices.  (By  our 
assumption  of  fixed  interest  rates,  it  is  assumed  that  the  monetary  authorities 
are  fully  accommodating  these  rises  in  the  price  level.)  These  inflationary 
pressures  eventually  subside  as  capacity  is  rebuilt.  During  the  period  of 
prevalent  energy  shortages,  total  production,  as  measured  by  real  GNP,  falls  as 
initial  inventories  are  exhausted.  By  contrast,  real  GNP  in  the  balanced 
attack  generally  rises  monotonically  after  the  attack. 

Under  these  conditions,  we  assume  that  monetary  authorities  act  to 
push  down  borrowing  rates  for  business  by  two  percentage  points.  Although 
this  works  to  accelerate  capacity  expansion  in  the  critical  oetroleum  and 
transportation  sectors,  this  macro  policy  also  has  the  effect  of  spurring 
investment  demand  in  other  sectors  of  the  economy  as  well.  Thus,  in  Table  6.2 
total  producers'  equipment  investment  is  some  $2  billion  (1972)  higher  than  the 
base  case.  The  inflation  rate  is  also  higher  by  roughly  two  percentage 
points  over  the  1987-1989  period. 

In  the  effort  to  achieve  sectoral  balance,  the  capital  goods  industry 
cannot  meet  demands  in  the  mid  to  late  1980s.  This  is  reflected  in  the  fact 
that,  with  the  additional  investment  demand,  the  difference  in  realized 
investment  is  greater  than  the  difference  in  total  GNP  from  1986-1989.  Thus, 
the  allocation  mechanism  seems  to  be  shifting  some  household  consumption  of 
durable  goods  towards  producers.  When  the  shortages  are  alleviated  in  the 
1990s,  the  non-investment  components  of  GNP  grow  rapidly,  and  the  lagged 
effects  of  the  lower  interest  rates  plus  the  accelerator  effects  of  a  growing 
economy  help  maintain  relatively  high  investment  activity  in  1991  and  1992. 

The  relative  differences  in  equipment  investment  is  reversed  in  the  remainder 
of  the  scenario,  as  producers  adiust  their  long-run  desired  capital-output 
ratio.  By  the  year  2005  the  transitory  impact  of  the  policy  changes  has  nearly 
dissipated  and  key  variables  in  Table  6.2  show  roughly  the  same  values. 

The  simulation  above  suggests  that  any  attemot  to  lower  interest  rates 
or  anv  other  component  influencing  the  rental  costs  of  capital,  such  as 


investment  tax  credits,  must  be  accomoanied  by  other  measures  to  decrease 
aqqreqate  demand.  One  such  obvious  measure  is  reducinq  persona!  consumotion 
expenditures  by  raisinq  personal  income  tax  rates.  Several  tests  of  such  a 
combined  policy  were  undertaken  by  imposinq  five  percent  and  twenty  percent 
surcharqe  rates  on  the  existinq  averaqe  effective  tax  rates.  These 
simulations  did  show  the  expected  result  that  inflation  rates  are  lower  for  the 
coordinated  policy  compared  to  the  case  shown  in  Table  6.2.  However,  other 
elements  of  the  simulation  seemed  implausible;  in  particular,  real  GNP  is  some 
$4  to  10  billion  hiqher  in  this  case  than  in  the  case  with  lower  interest 
rates.  We  are  skeptical  of  the  result  especially  from  prior  experience  in 
looking  at  the  behavior  of  the  consumption  and  savings  functions  within  the 
model.  (Recommendations  with  regard  to  the  existing  consumotion  specification 
in  the  model  are  outlined  in  Chapter  8.)  Nevertheless,  the  result  suggests 
that  an  appropriate  coordinated  fiscal  and  monetary  policy  can  promote  faster 
capital  reconstruction  and  subsequent  re-establishment  of  sectoral  balance 
within  the  economy. 

The  final  simulation  departs  from  the  general  lines  of  macroeconomic 
policies  considered  above.  Within  the  sectoral  aggregation  of  ERDYM,  motor 
vehicles  are  considered  as  capital  equipment,  capable  of  being  employed  in  any 
productive  capacity.  Thus,  any  decrease  in  motor  vehicle  consumption  by 
consumers  can  he  made  available  to  producing  sectors.  Table  6.3  compares  a 
base  case  (constant  7  percent  business  rates,  as  in  Table  6.21  with  an 
alternative  in  which  motor  vehicles  purchases  by  households  are  rationed  bv  25 
percent  over  the  1984-1989  period. 

The  sharpest  difference  between  this  case  and  that  considered  above  is  that 
the  inflation  rate  is  reduced  by  roughly  five  oercentaqe  points  between  1986 
and  1989.  Although  real  GNP  still  declines,  the  minimum  level  under  the  policy 
is  some  $11  billion  higher  than  the  base  case.  Part  of  the  key  to  this 
behavior  is  suggested  in  the  figures  for  POE.  By  the  first  period  of  1985, 
total  POE  is  roughly  $500  million  hiqher  in  this  case,  than  under  the  base 
case,  (as  compared  to  only  $31  million  in  Table  6.2).  Early  delivery  of  capHal 
goods  obviously  seems  to  play  an  important  role  in  moderating  the  subsequent 
shortages  and  inflationary  pressures.  By  1987,  total  POE  is  Icwer  under  the 
alternative  case.  This  result  stems  from  the  reallocation  of  consumer  spending 


toward  less  capital  intensive  goods.  When  rationinq  is  removed  in  1990,  there 
is  a  spurt  of  investment  activity  tor  the  subsequent  several  years.  The 
behavior  of  the  difference  in  the  remainder  of  the  scenario  has  no  simple 
explanation;  it  rises  from  the  previous  history  of  investment  by  producers  and 
is  perhaps  influenced  by  the  replacement  cycle  of  the  motor  vehicle  stock 
within  households. 

The  message  of  these  simulations  is  clear.  Targeted  policies  directed  at 
the  shortages  after  an  unbalanced  attack  can  be  highly  effective  in  promoting 
faster  recovery.  Although  general  fiscal  and  monetary  policy  can  help  to  shift 
resources  toward  capital  investment,  more  direct  approaches  such  as  direct 
rationinq,  may  be  unavoidable  in  the  aftermath  of  a  maior  attack. 


6.19 


7.0  CONCLUSIONS 


In  this  chapter,  some  tentative  conclusions  are  put  forth  about  the 
sensitivity  of  the  U.S.  economy  to  various  magnitudes  of  attack  and  the  types 
of  policies  that  may  be  most  effective  in  aiding  recovery.  Since  this  study 
has  focused  primarily  on  the  development  of  a  monetary  sector  and  revised 
investment  specification,  many  of  the  government  policv  levers  available  within 
the  model  were  not  explicitly  tested.  However,  our  experience  using  the  model 
does  orovide  some  useful  insights  as  to  its  behavior  simulating  a  oost-attack 
economic  environn'ent. 

In  some  aspects,  our  experience  with  the  model  leads  to  different 
conclusions  from  those  reached  by  Pugh-Roberts  in  the  original  model 
report.  To  highlight  these  differences,  our  organization  of  topics  in  the 
remainder  of  the  section  follows  to  some  degree  that  in  the  1981  Pugh-Roberts 
reoort. 

7.1  VULNERABILITY  TO  DAMAGE 

As  Pugh-Roberts  concluded,  the  simulations  show  that  the  United  States 
economy  is  highly  vulnerable  to  nuclear  attack.  The  model  suggests  that  the 
tremendous  physical  and  psychological  damage  of  a  severe  attack  may  trigger  a 
downward  soiral  of  economic  collaose  that  may  last  over  a  period  of  years. 

From  the  simulation  exoeriments  presented  in  the  previous  section,  it  can  be 
seen  that  the  magnitude  of  the  downward  soiral  is  related  in  a  nonlinear 
fashion  to  the  magnitude  of  the  attack.  The  simulation  runs  indicate  that  an 
attack  may  trigger  a  severe  collapse  in  the  range  of  20-40  percent  of  the 
labor  and  capital  resources  of  the  economy. 

However,  as  we  pointed  out  before,  this  conclusion  is  highly  deoendent  upon 
how  sensitive  worker  productivity  and  labor  force  participation  are  to  the 
general  state  of  "public  confidence"  of  the  population.  Our  experiments  show 
that  only  through  the  interaction  of  these  effects,  oroductivity  and 
participation,  would  severe  downward  spirals  be  generated  in  response  to 
attacks  in  the  range  cited  above. 

The  effect  of  the  sheer  magnitude  of  destruction  is  exacerbated  bv 
potential  imbalances  among  the  various  sectors  and  resources.  Pugh-Roberts 


7.1 


concluded  that  "in  many  plausible  scenarios,  recovery  never  occurs." 

Presumably,  this  behavior  occurred  in  tests  for  which  "standa'^d"  accounting 
procedures  continued  to  be  followed  after  an  attack  and  debt  loads  associated 
with  the  now-destroved  physical  capital  assets  were  not  forgiven  (balance  sheet 
reform).  As  we  have  argued  elsewhere,  we  consider  this  assumption  to  be 
unrealistic. 

In  this  study,  balance  sheet  reform  was  assumed  in  all  post-attack 
simulations.  In  no  case  did  recoyery  eyer  fail  to  occur  under  this  assumption 
(with  or  without  the  psychological  sector  activated),  although  in  some  cases  up 
to  half  a  decade  was  required  for  the  economy  to  reach  a  sustained  growth 
tra.iectory. 

7.2  DEGPEE  OF  PREPARATION  REQUIRED  FOR  RECOVERY 

An  implication  of  the  discussion  in  Section  7.1  is  that  pre-attack 
preparation  can  contribute  to  economic  recovery.  The  less  the  damage 
resulting  from  a  given  weapons  "laydown,"  the  less  the  probability  of,  and  the 
shorter  time  period  over  which,  a  downward  spiral  might  occur.  The  strategies 
that  prevent  damage— shelters  construction,  hardening  of  sites,  and  dispersion 
of  key  production  facilities— would  be  obvious  priority  elements  within  an 
overall  civil  defense  policy. 

Although  Pugh-Roberts  argues  that  "extensive  ore-attack  oreoaration  would 
be  required  for  recovery"  (underlining  added),  one  should  again  be  reminded 
that  this  conclusion  rests  heavily  upon  the  particular  parameters  chosen  to 
represent  the  psychological  response  of  the  economy  after  an  attack.  It  is 
clear  that  pre-attack  preparation  would  leave  a  greater  capital  stock  (for  a 
given  level  of  attack,)  from  which  a  recovery  could  be  initiated.  What  is 
highly  uncertain,  however,  is  to  what  degree  any  additional  pre-attack 
preparation  would  mitigate  downward  tendencies  within  the  economic  svstem. 

7.3  REQUIREMENTS  FOR  CONTINGENCY  PLANS  AND  DAriAGE  ASSESSMENT 

As  Pugh-Roberts  concluded,  simulations  of  the  model  do  suggest  that 
adaptive  civil  defense  policies  are  required.  Clearly,  the  nature  and  extent 
of  imbalances  resulting  from  an  attack  call  for  different  tyoes  of  policies. 
Accurate  post-attack  damage  assessment  becomes  important  in  this  '^egard  as 


policies  must  be  adapted  to  respond  to  the  actual  conditions  of  the  economy. 
An  important  element  influencinq  the  effectiveness  of  any  damage  assessment 
system  would  be  the  sui^vival  of  kev  communication  facilities. 

7.4  FOREIGN  TRADE 

The  resumption  of  foreign  trade  after  an  attack  would  serve  as  an 
important  aid  to  recovery.  The  economics  of  comparative  advantage  at  the 
international  level  would  be  perhaps  stronger  in  the  post-attack  environment, 
since  critical  bottleneck  materials  and  semi-manufactured  goods  might  be 
imported  until  such  time  as  domestic  capacity  could  be  rebuilt. 

However,  the  Pugh-Roberts  conclusion  that  foreign  trade  should  be  a  too 
priority  of  civil  defense  planning  does  not  come  strictly  from  the  model.  In 
simulations  made  of  recovery  with  and  without  trade,  GNP  is  lower  20  years 
after  the  attack  with  trade  resumed  than  without.  This  counterinitiative 
result  stems  largely  from  the  fact  that  the  model  does  not  correctly  account 
for  the  influence  of  exchange  rates  and  does  not  insure  that  imports  can  only 
be  paid  for  out  of  export  earnings.  Thus  in  the  model,  when  trade  again 
becomes  available,  imports  exceed  exports  fat  least  over  a  period  of  a  few 
years),  sometimes  to  the  extent  that  real  GNP  is  lowered. 

7.5  MACROECONOMIC  POLICY 

Monetary  policy,  itself,  has  some  limited  capacity  to  influence  recovery 
from  attack  in  the  short  run  by  maintaining  borrowing  rates  low  enough  to 
encourage  capacity  expansion.  However,  in  the  long  run,  maintaining  interest 
rates  lower  than  needed  to  equilibrate  savings  and  investment  can  only  he 
accomplished  by  accepting  higher  rates  of  inflation.  When  the  monetary 
authorities  finally  react  to  these  higher  rates  of  inflation,  as  political 
pressures  and  historical  experience  suggest  that  they  eventually  must  fas  in 
Post-World  War  I  Germany),  the  result  is  sharply  higher  interest  rates  and 
subsequent  decline  in  investment.  Thus,  the  model  suggests  that  stimulative 
monetary  policy  by  itself  will  accelerate  recovery  only  at  the  cost  of  higher 
inflation  and  greater  cyclical  instability. 

The  simulations  do  not  support  the  Pugh-Roherts  contention  that  expanding 
the  monev  supply  can  actually  work  to  reduce  inflation  bv  helping  to 


alleviate  bottlenecks.  This  finding  springs  from  their  assumption  that  balance 
sheet  reform  does  not  occur,  an  assumption  we  believe  to  he  unrealistic,  fven 
so,  the  work  here  suggests  that  anv  overall  program  that  focuses  iust  on 
stimulating  investment  demand  has  reoercussions  for  increasing  the  genera"' 
price  level,  as  prices  of  capital  goods  are  bid  up.  Second,  it  seems  that  many 
of  the  equilibrating  mechanisms  one  might  expect  are  not  working  in  the  Pugh- 
Roberts  scenarios.  Our  simulations  with  an  unbalanced  attack  scenario  suggest 
that  liberalization  of  credit  or  giving  outright  subsidies  to  the  energy  sector 
would  not  increase  investment  requests  by  this  sector  of  industry.  This  is 
simply  because  the  high  levels  of  internal  cash  flow  resulting  from  higi 
prices  are  more  than  sufficient  to  finance  investment  demand.  The  prot  i  is 
not  a  lack  of  funds,  but  rather  real  constraints  on  the  supoly  of  capi' 
goods.  Thus,  a  more  targeted  policy,  such  as  direct  rationing  of  consi  --r 
goods  that  directly  compete  for  productive  factors  in  the  capital  goods 
sector,  would  be  expected  to  be  a  more  effective  policy,  a  result  that  is 
suggested  bv  the  simulations  in  the  previous  section. 


B.O  RECOMMENDATIONS 


The  major  criticism  of  ERDYM  at  the  initiation  of  this  research  was  that 
oart  of  the  structure  of  the  model  was  inconsistent  with  economic  theory.  This 
proiect  has  been  undertaken  with  the  aim  of  correcting  some  of  these  oroblems-- 
specifically  in  the  monetary  sector,  in  the  investment  sector,  and  pe'^ipherally 
as  needed  for  the  model  to  perform  reasonably.  But  experience  in  simulating 
the  model  suggests  that  much  work  remains.  The  remainder  of  this  chaoter  will 
highlight  some  of  the  problems  we  have  uncovered  in  the  course  of  this  proiect 
and  will  suggest  avenues  that  might  be  pursued  to  improve  the  performance  of 
the  model . 

3.1  CONSUMPTION 

Although  it  has  been  necessary  to  modify  the  consumotion  sector  somewhat 
in  order  that  the  model  perform  reasonably,  this  sector  remains  a  major 
weakness  of  the  model.  In  its  current  manifestation,  "available  funds"-- 
consisting  of  current  income,  new  consumer  debt,  and  savings  used--determines 
the  level  of  total  desired  expenditure,  with  final  demand  decisions  made  on  the 
basis  of  predetermined  priorities  that  are  parameters  of  the  model.  There  is 
no  explicit  consideration  of  the  choice  between  income  and  leisure,  nor  do 
relative  prices  affect  the  quantity  demanded  of  goods.  A  simpler  and  more 
economic  representation  of  the  household  sector  would  argue  that  a  choice  is 
made  between  consumption  and  savings,  and  that  once  the  level  of  expenditure  is 
determined,  the  choice  among  goods  is  made  on  the  basis,  primarily,  of  relative 
prices.  If  ERDYM  were  organized  along  these  lines,  a  number  of  problems  would 
disappear.  More  realistic  values  of  savings  flows  would  be  available  to 
influence  the  financial  sector,  final  demand  for  goods  would  respond  more 
realistically  to  shortages  that  affect  consumer  prices,  and  some  of  the 
problems  of  the  labor  sector  would  be  mitigated.  The  consumer  sector,  then, 
has  high  priority  for  improvement. 

8.?  LABOR  SECTOR 

Another  area  in  need  of  improvement  is  the  labor  sector.  In  addition  to 
the  labor-leisure  choice  mentioned  above,  the  demand  for  labor  does  not 


currently  deoend  on  the  real  waqe.  Hence,  the  sector  is  constructed  in  a  wav 
that  does  not  allow  for  equilibration  on  the  basis  of  excess  demand  or  excess 
supply.  And  there  are  other  parts  of  the  labor  sector  that  could  benefit  from 
some  modification.  The  trackinq  of  aqe  cohorts  and  different  particioants  in 
the  labor  supply  has  some  merit  in  evaluating  the  consequences  of  attack  when 
much  of  the  oopulation  is  in.iured,  but  not  killed  outriqht.  But  this 
complication  burdens  understandinq  of  labor  force  participation  under  normal 
conditions,  and  qives  rise  to  counter-intuitive  behavior.  These  factors 
suqqest  that  the  labor  sector  is  another  candidate  for  modifications  in  the 
event  that  ERDYM  is  to  be  further  improved. 

8.3  FOREIGN  TRADE 

A  reasonable  representation  of  the  foreiqn  trade  sector  of  a  macroeconomic 
model  would  have  the  trade  weiqhted  value  of  exchanqe  rates  adiust  to  the  trade 
deficit  over  time.  If  a  country  continues  to  run  a  trade  deficit,  there  are 
two  effects— one  internal,  one  external.  On  the  domestic  front,  the  current 
account  deficit  serves  as  a  leakage  from  available  savings,  and  gives  rise  to 
higher  interest  rates,  lower  output,  and  increasd  monetary  flows  from  abroad- 
all  tending  to  correct  the  imbalance.  Externally,  these  altered  flows  bring 
pressure  to  bear  on  exchanqe  rates.  Again,  in  ERDYM  we  find  this  equilibrating 
mechanism  lacking.  Since  exchange  rates,  to  the  extent  that  they  exist,  do  not 
adjust  to  changes  in  the  balance  of  trade,  domestic  shortages  encourage  large 
influxes  of  imports  with  no  corresponding  revenue-generating  exports  (which  are 
essentially  exogenous  to  the  model  1.  In  times  of  national  emergencies  that 
give  rise  to  major  production  shortfalls,  imports  can  exceed  the  product 
generated  domestically.  National  income  and  product  accounting  can  thus 
indicate  an  abrupt  drop  in  GNP.  In  spite  of  our  limited  attempt  to  remedy  this 
problem,  about  the  only  satisfactory  way  to  simulate  the  model  for  post-attack 
recovery  is  to  disenable  the  trade  sector.  So  again,  the  foreiqn  trade  sector 
is  a  candidate  for  modification. 

8.4  FINANCIAL  FLOWS 

All  the  preceedinq  recommendations  have  implications  for  financial  flows 
that  would  need  to  be  integrated  into  any  restructuring  of  ERDYM.  This  could 


be  accomDlished  with  some  facility  if  t.ach  of  the  sectors  were  specified  to 
adhere  to  balance  sheet  identities.  Then  the  financial  sector  could  he 
modified  to  rely  on  other  sector  financial  flows,  without  having  to 
construct  these  flows  from  wholedoth.  If  other  sectors  were  aoorooriately 
handled,  then  the  financial  sector  could  concentrate  on  behavior  of  monetary 
and  fiscal  agents,  rather  than  on  the  activity  in  other  sectors.  This 
recormendation,  then,  is  one  that  suggests  an  aproach  to  modification  of 
ERDYM,  rather  than  a  suggestion  for  specific  change. 

8.5  GENERAL 

The  literature  of  system  dynamics  outs  considerable  emphasis  on 
initializing  a  model  at  yalues  that  approximate  an  equilibrium;  in  the  case 
of  a  macroeconomic  model,  this  has  a  number  of  implications.  Our  efforts  have 
focused  on  initializing  the  model  to  1972  National  Income  and  Product  Account 
data—prices,  output,  income  flows,  employment,  etc.  We  have  not  devoted  as 
much  effort  to  assuring  that  the  financial  flows  of  the  business  sector  were  in 
balance  as  we  might  have  wanted  to,  nor  to  establishing  equilibrium  in  other 
sectors.  Assuring  a  reasonably  balanced  initialization  to  a  complex  model  is 
a  task  of  great  magnitude.  One  recommendation  is  that,  if  additional 
modification  to  ERDYM  is  undertaken,  sufficient  resources  be  devoted,  after 
modifications  are  complete,  for  repeated  simulations  of  the  model  in  an  effort 
to  initialize  it  in  reasonable  balance.  Despite  all  the  software  enhancements 
that  this  project  has  undertaken  and  completed,  repeated  simulations  with  minor 
changes  involves  considerable  effort. 

A  possible  strategy  for  additional  work  should  take  into  account  the 
problems  to  which  ERDYM  gives  rise.  A  simpler  model— with  less  industry 
detail,  with  less  psychological  detail,  with  less  population  and  labor  force 
detail,  etc.,  programmed  in  a  more  generally  available  language — might  be  an 
economical  approach  to  the  development  of  an  economic  recovery  model  that  was 
calibrated  to  historical  experience  and  gave  some  confidence  of  responding  to 
major  disruptions  reasonably.  Such  an  alternative  approach  would  be  much  more 
amenable  to  fitting  to  a  microcomputer,  thus  making  the  model  mo'^e  generally 
available  for  planning  exercises. 
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APPENDIX  A 

DESCRIPTION  OF  SELECTED  DATA  SOURCES 


This  aDoendix  describes  the  data  sources  and  estimation  procedures  used  to 
initialize  many  of  the  key,  primarily  industry-related,  variables  in  ERDYM. 
Section  A.l  describes  how  the  1972  Commerce  Department  input-output  table  was 
used  to  derive  kev  industry  variables  related  to  the  production  relationships 
and  final  demands.  Section  A. 2  discusses  the  development  of  employment  and 
wage  variables  by  sector.  A. 3  explains  how  effective  corporate  tax  rates  and 
dividend  payout  rates,  and  other  business  financial  variables  were  estimated  by 
industry.  Initialization  of  variables  associated  with  investment  and  capital 
stocks  is  treated  in  Section  A. 4.  Section  A.S  describes  the  revised 
specifications  for  transfer  payments. 

Many  of  the  variables  within  the  model  are  initialized  with  data  taken 
directly  from  published  sources.  These  variables,  as  in  the  original  model, 
are  documented  internally  within  the  DYNAMO  code  and  are  not  included  here. 

A.l  VARIABLES  DERIVED  FROM  1972  INPUT-OUTPUT  TABLE 

A. 1.1  Input-Output  Coefficients 

Input-output  coefficients  at  the  ll-sector  ERDYM  sector  level  were 
developed  from  FEMA's  2S7-sector  FIOS  (£EMA  J^nout-Output  Svsteml  table 
for  1972.  The  FIOS  table  is  a  straightforward  aggregation  of  the  official  496- 
sector  Commerce  Department  table  for  1972. 

Using  an  aggregation  program  developed  by  FEMA  staff  member  Lawrence 
Salkin,  the  FIOS  "Use"  table  was  aggregated  to  the  11-sector  ERDYM  classifica¬ 
tion,  with  additional  rows  and  columns  to  account  for  final  demand  and  other 
miscellaneous  components.  From  this  aggregated  table,  base-year  values  were 
computed  for  production  (P19721,  import  fraction  (FOIMIl,  export  fraction 
flOEXPl,  and  government  purchases  of  goods  and  services  flOGl. 

An  aggregation  was  also  performed  of  the  FIOS  "Make"  table,  which  shows  the 
fraction  of  each  product  made  in  each  sectoral  category  of  establishments . 

Using  this  matrix  and  the  MAPS  software  available  on  the  FEMA  UNIVAC  compute’^, 
a  "purified"  transaction  matrix  was  computed  using  the  assumption  that  each 


product  is  made  by  the  same  process  regardless  of  the  type  of  establishment 
that  makes  it.  The  procedure  used  involved  multiplying  each  row  of  the  "Use" 
matrix  by  the  inverse  of  the  "Make"  matrix.  fSee  Clopper  Almon,  et  al.  1,985: 
Interindustry  Forecasts  of  the  American  Economy,  po.  151-152,  for  a  detailed 
discussion  of  the  procedure.)  At  the  high  level  of  aggregation  of  the  EROYM 
model,  the  difference  between  the  coefficients  based  on  the  original  "Use"  or 
purified  matrix  are  small.  However,  the  procedure  does  help  to  clarify  the 
internal  accounting  within  the  model  and  eliminates  the  need  for  seoarate 
recognition  of  product  and  establishment  output. 

A. 1.2  Production  (P1972) 

To  start  the  solution  process  for  the  model,  initial  values  for  production 
are  required.  These  values  were  taken  from  the  aggregation  of  the  FIOS  "Use" 
table  as  described  in  the  previous  section.  The  values  for  the  11  ERDYM 
sectors,  in  millions  of  1972  dollars,  are  shown  in  Table  A.l. 

A. 1.3  Government  Purchases  of  Goods  and  Services  HOG) 

Government  purchases  of  goods  and  services  in  EROYM  depend  upon  the  number 
of  government  employees.  The  initial  ratio  of  goods  purchased  to  employment  is 
computed  internally  within  the  model,  and  this  base-year  value  of  government 
purchases  is  entered  directly  into  the  model  fvia  table  lOG).  The  1972  values 
for  government  purchases  from  each  of  the  11  ERDYM  sectors  are  also  shown  in 
Table  A.l. 

A. 1.4  Imports  (FOIMI) 

Initialization  of  the  model  for  imports  requires  import  fractions  as  a 
percentage  of  total  product  demand  (defined  as  domestic  production  +  imports). 
These  fractions  for  1972  were  derived  from  the  aggregated  FIOS  "Use"  table, 
described  in  Section  A. 2.1.  The  computed  values  used  in  the  model  to  define 
the  FOIMI  table  are  also  shown  in  Table  A.l. 

A. 1.5  Exports  flOEXPl 

Exports  are  pro,jected  on  the  basis  of  fractions  of  tota''  oroduct  demand 
(domestic  production  +  imports).  These  fractions  for  1972  were  derived  from 


TABLE  A.i.  Data  from  1972  Inout-Output  Table  Used  for 
Production  and  Final  Demand  Initialization 
^Millions  of  Dollarsl 


Production  Government  flOG)  Imports  (FDIMIl  Exports  (lOEXP) 


Metals 

62,235 

232 

7,121 

.1033 

1,749 

.0252 

Non-metals 

23,927 

134 

1,150 

550 

.0219 

Energy 

111,216 

4,675 

6,051 

.0516 

1,367 

.0001; 

Non-fuel 

Consumables 

184,492 

12,158 

10,160 

.0522 

7,758 

.0399 

Capital 

246,858 

18,575 

18,082 

.0683 

27,228 

.0801 

Construction 

165,997 

39,900 

0 

0 

16 

0 

Consumer  Goods 

88,031 

6,848 

7,863 

.0820 

3,031 

.0316 

Agriculture 

201,890 

1,358 

6,899 

.0330 

7,861 

.0376 

Medical 

56,305 

7,619 

0 

0 

0 

0 

Transportation 

76,617 

4,573 

1,152 

.0148 

5,213 

.067 

Services 

747,717 

20,103 

0 

0 

8,253 

.0110 

the  1972  aqgreqated  FIOS  "Use"  table,  described  above.  The  comouted  values 
used  in  the  model  for  lOEXP  are,  again,  shown  in  Table  A.l. 

A. 1.6  Oistribution  of  Value  Added 

Value-added  in  the  11-sector  purified  table  was  comouted  bv  subtracting 
the  sum  of  intermediate  inputs  from  total  production.  A  distribution  of  the 
value-added  for  the  base  period  into  payments  to  primary  factors  f wages  and 
profit  income)  and  indirect  business  taxes  is  required  to  properly  initialize 
the  model  for  the  competition  of  prices  and  incomes.  Annual  data  on  ma.ior 
income  components  at  the  two-digit  SIC  level  were  used  to  estimate  such  a 
distribution.  This  set  of  data,  termed  Components  of  Gross  Product 
Originating,  is  updated  annually  by  the  Bureau  of  Economic  Analysis  fBEAl 
within  the  Department  of  Commerce. 

The  first  step  in  this  procedure  was  to  aggregate  from  the  64  industry 
series  provided  by  BEA  to  the  11-sector  EROYM  classification.  Each  two-digit 
sector  within  the  BEA  data  set  was  assigned  to  the  most  appropriate  EROYM 
sector.  The  sum  of  the  various  components  was  then  compared  to  the  total  value- 
added  figure  derived  from  the  aqgreqated  FIOS  table.  Since  the  correspondence 
between  the  total  value-added  from  these  two  sources  was  reasonably  good,  the 
BEA  data  were  then  used  to  simply  allocate  the  value  added  from  the  aggregated 
table  on  a  prorata  basis.  The  results  of  this  procedure  are  shown  in  Table 
A. 2.  The  part  of  value-added  that  is  wages  and  wage  supplements  is  described 
in  Section  A. 2;  these  and  indirect  business  taxes  f shown  as  column  5  of  Table 
A. 2)  are  used  to  initialize  related  variables  as  described  below. 

A. 1.7  Indirect  Business  Taxes  Paid  (OTXPDl 

Indirect  business  taxes  paid  are  based  on  the  value-added  distribution 
described  in  the  previous  section  for  1972.  Indirect  business  taxes  is  one  of 
the  14  components  of  Gross  Production  Originating  estimated  by  the  Commerce 
Department  at  the  2-digit  SIC  level.  As  such,  it  is  a  line  item  in  the 
adjusted  value-added  table  shown  in  Table  A. 2.  Indirect  business  taxes  consist 
of  a  variety  of  various  taxes  and  fees;  the  principal  is  local  property  taxes. 
Although  not  an  indirect  tax  in  the  strictest  sense,  federal  excise  taxes  are 
also  included  in  this  category. 


TABLE  A.?.  1^72  Value-Added  Conioonents  Ad  lusted  for  ERDY'I* 

(Millions  of  Dollars) 


Coroorate  Proorietors 
Sectors  Profits  +  IVA  Income 


Capital  Indirect 
Net  Consumption  Business 
Interest  Allowance  Taxes 


1 

Metals 

1,329 

-9 

816 

2,835 

1,396 

23,512 

2 

Non-Metals 

1,504 

147 

199 

1,468 

491 

11,943 

3 

Energy 

5,621 

422 

4,071 

9,737 

9,116 

44,385 

4 

Non-fuel 

Consumables 

12,129 

969 

1,535 

8,064 

3,931 

83,954 

5 

Capital 

13,682 

392 

1,740 

8,530 

2,767 

105,863 

6 

Construction 

2,732 

9,711 

521 

3,913 

2,566 

7 

Consumer  Goods 

4,355 

395 

679 

1,242 

3,824 

34,862 

8 

Agriculture 

2,824 

20,683 

3,634 

74,741 

7,874 

64,940 

9 

Medical 

486 

9,510 

203 

686 

237 

34,380 

10 

Transportation 

1,372 

1,690 

1,489 

6,034 

2,506 

44,120 

11 

Services 

37,630 

52,975 

32,035 

47,301 

72,804 

518,076 

*  1 

Excluding  wages  and 

salaries. 

and  wage  supplements;  see 

Table  A. 4. 

EMPLOYMENT  AND  COMPENSATION 


A.P.l  Wage  Rates  bv  Sector  fWAGEH 

Data  for  average  waqe  rates  for  1972  by  ERDYM  sector  were  derived  from 
Battel 1e's  FORSYS  Model  data  base.  FORSYS  waqe  rates  were  developed  by  usinq 
waqe  and  salarv  data  from  Table  6.5  of  the  National  Income  and  Product  Accounts 
(NIPAl  and  employment  information  from  the  Bureau  of  Labor  Statistics'  Office 
of  Economic  Growth.  A  correspondence  was  developed  to  aqqregate  FORSYS  model 
sectors  to  the  11-sector  ERDYM  classification  in  the  private  economy. 

Estimates  of  total  waqe  bill  and  employment  were  then  made  for  the  11  private 
ERDYM  sectors.  Wage  rates  were  derived  by  simply  dividing  wage  bills  by 
employment  for  each  of  the  11  sectors.  The  results  are  shown  in  column  2  of 
Table  A. 3.  The  average  waqe  rate  for  ERDYM  sector  12,  government,  was  taken 
from  Table  6.5  of  the  NIPA. 

A. 2. 2  Employment  (BCLH 

Base-year  employment  by  sector  is  computed  to  maintain  consistency  with  the 
estimated  value-added  breakdown  of  the  1972  aggregated  input-output  table. 

Waqe  bills  were  taken  from  the  revised  value-added  distribution  table  described 
in  section  A.l.  Employment  for  wage  and  salary  workers  was  then  computed  by 
dividing  average  waqe  rates  (as  discussed  in  the  preceedinq  section)  into  the 
wage  bills.  Values  for  these  variables  are  shown  in  columns  1  through  3  of 
Table  A. 3. 

For  four  sectors,  self-employed  workers  make  up  a  significant  fraction  of 
the  total  work  force.  Based  on  data  from  Table  6.14  of  the  NIPA,  the  total 
employment  in  these  sectors  was  increased  to  include  these  workers.  These 
estimates  are  shown  in  columns  4  and  5  of  Table  A. 3. 

A. 2. 3  Employee  Benefit  Expense  fEMBEX) 

Employee  benefit  expenses  are  derived  from  the  value-added  distribution 
table  used  in  the  computation  of  total  employment  described  in  the  previous 
section.  This  table  provides  a  measure  of  waqe  supplements  ^benefits  + 


employer  payroll  taxesl  consistent  with  the  input-output  conventions  of  the 
1972  ( aqqreqated)  table.  These  values  are  shown  in  column  i  of  Table  A. 4. 

As  the  first  step  of  derivinq  employee  benefits  paid  in  1972,  estimates 
were  made  of  emplover  social  security  taxes.  Table  6.14  of  the  NIPA  provides 
data  on  employer  contributions  for  social  insurance  by  12  broad  industry 
qroups.  Ratios  of  these  values  to  total  waoes  and  salaries  paid  were  computed 
and  then  assiqned  to  the  11  ERDYM  sectors.  Estimates  of  total  employei^  payroll 
taxes  were  made  by  multiplyinq  these  effective  rates  by  the  waqe  bill  de'^ived 
from  the  value  added  distribution  table.  These  values  are  shown  in  columns  2 
to  4  in  Table  A. 3.  Employee  benefit  expense  was  computed  as  simply  the 
difference  between  total  supplements  f column  11  and  estimated  payroll  taxes 
^column  41  and  is  shown  in  column  6.  As  part  of  the  initialization  phase  of 
the  model,  this  variable  is  converted  to  a  per-employee  basis  by  dividinq  by 
the  initial  number  of  employees. 


A. 3  BUSINESS  FINANCIAL  VARIABLES 
A. 3.1  Balance  Sheet  Items 

The  business  balance  sheet  consists  of  three  assets,  debt  and  equities. 

The  qeneral  strateqy  for  calculatinq  these  balance  sheet  items  was  as  follows: 
first,  a  balance  sheet  comparable  to  the  one  contained  in  ERDYM  was  constructed 
from  the  financial  information  contained  in  the  IRS,  Statistics  of  Income, 

1972;  then  ratios  were  constructed  for  debt  to  total  liabilities  and  for  the 
three  assets  (cash,  inventories  and  book  value  of  capital  1  to  total  assets; 
then  a  new  balance  sheet  was  constructed  based  on  the  sectoral  balance  sheet 
reported  as  Table  12  in  Goldsmith  (19821  for  1975;  finally,  these  fiqures  were 
adiusted  to  1972  totals.  There  are  two  notable  exceptions  to  this  stateqv. 
Sector  debt  was  calibrated  to  the  National  Income  and  Product  Account  interest 
payments  qiven  an  averaqe  sector  interest  rate  (computed  from  IRS  informa¬ 
tion!.  Sector  equities  are  initialized  by  equatinq  them  to  total  assets  minus 
debt.  Table  A. 5  shows  the  initial  values  for  the  ma.ior  balance  sheet  items  of 
the  business  sector. 


"^ABLE  A. 5.  Maior  Balance  Sheet  Items  bv  Sector 

(Bi 1  lions  of  dol 1 arsl 


EROYM 

Sector 

Cash 

Inventories 

Book  Value 

Debt 

1 

Metals 

13.90 

21.89 

35.54 

24.4 

? 

Non-Metals 

6.82 

6.65 

12.07 

5.40 

3 

Energy 

47.14 

27.12 

189.60 

104.10 

4 

Non-Fuel 

53.40 

60.64 

79.79 

42.10 

Consumables 

5 

Caoital 

127.98 

129.32 

58.02 

53.40 

6 

Construction 

34.63 

0.0 

26.09 

19.30 

7 

Consumer  Goods 

16.84 

30.33 

10.50 

18.90 

8 

Agriculture 

11.05 

38.40 

84.00 

93.20 

9 

Medical 

5.74 

0.0 

86.70 

6.8 

10 

TransDortation 

65.24 

0.0 

87.00 

55.20 

11 

Services 

117.80 

0.0 

290.40 

1030.10 

A.  10 


A. 3. 2  Corporate  Profit  Tax  Rate  fTR^ 


Corporate  profit  tax  rates  were  based  on  data  on  coroorate  orofits  and 
corporate  taxes  paid  as  publishe'i  in  Tables  (i.2\  and  6,22  of  the  National 
Income  and  Product  Accounts.  These  data  are  shown  at  qeneraHv  the  2-diqit  SIC 
level  of  detail.  The  data  were  aqgregated  to  the  ERDYM  11-sector  level  using 
the  same  classification  conventions  used  for  the  development  of  wage  rates. 

Tax  rates  for  the  model  were  taken  as  the  average  of  effective  tax  rates 
computed  over  the  period  1972-197P.  The  values  for  TR  used  in  the  model  are 
shown  in  Table  A. 6. 

A. 3. 3  Dividend  Payout  Rate  (ORNl 

Dividend  payout  ratios  were  based  on  data  on  coroorate  after-tax  orofits 
and  dividends  paid,  as  published  in  Tables  6.23  and  6.24  in  the  National  Income 
and  Product  Accounts.  The  same  aggregation  procedure  used  for  corporate  profit 
tax  rates,  described  above,  was  applied  to  dividends. 

Since  dividends  usually  laq  changes  in  profits,  the  long  run  payout  rate 
was  derived  on  the  basis  of  a  simple  regression.  The  following  regression  was 
run  from  1960-79  for  each  of  the  ERDYM  sectors: 

DIV  =  a  CPAT  +  b  DIV^_-^ 

where 

DIV  =  dividends  paid 
CPAT  =  corporate  after-tax  pr'ofits 

For  most  sectors,  the  estimated  value  of  h  ranged  between  .7  and  .Q, 
implying  a  fairly  slow  adjustment  of  dividends  paid  to  profit  levels.  Within 
this  simple  Koyck  lag  specification,  the  long-run  payout  ratio  is  defined  as 
a/fl-bl.  These  generally  '^anged  between  .4  and  .6.  The  values  for  each  of  the 
ERDYM  sectors  are  shown  in  Table  A. 6. 

A. 4  CAPITAL  STOCKS  AND  LIFETIMES 

Capital  stock  estimates  (equipment  and  structures!  for  some  180 
manufacturing  and  nonmanufacturinq  sectors  are  maintained  by  the  Bureau  of 
Industrial  Economics  (BIEl,  U.S.  Department  of  Commerce.  The  BIE  Caoital 
Stocks  Data  Base  contains  estimates  of  caoital  stocks  in  current  and  constant 


TABLE  A. 6.  Corporate  Tax  Rates  and  Hividend  °ayout  Rat'os 


ERDYM 


Sector 


Non-Metals 


Non-fuel 
Consumables 


Effective  Tax 
Rate  ^TR) 


7  i  Hend 

Payout  Ratio  HRN' 


Capital 
Construction 
Consumer  Goods 
Agriculture 
Medical 


dollars  for  both  equiofnent  and  structures.  Estimates  are  available  on  either  a 
qross  stock  conceot  fi.e.,  not  accounting  for  economic  deoreciationi  or  on  a 
net  stock  basis.  For  the  ERDYM  model,  the  initial  values  for  stock  were  based 
on  an  aqqregation  of  BIE  estimates  for  197?  constant-dol lar  net  stocks  to  the 
IT-sector  ERDYM  industry  classification.  The  estimates  are  the  1971  end-of- 
year  values  and  are  shown  in  column  4  of  Table  A. 7  for  equioment  and  the 
corresponding  columns  of  Table  A. 8  for  structures. 

Lives  for  equipment  and  structures  were  derived  from  the  investment  and 
capital  stock  series  available  within  the  BIE  Capital  Stocks  Data  Base. 

Although  BIE  does  not  use  an  exponential  decav  function  in  building  up  its 
capital  stock  series,  the  implied  rate  of  depreciation  changes  fairly 
gradually.  The  implicit  rate  of  depreciation  was  derived  by  first  computing 
1972  replacement  investment  fas  the  difference  between  qross  investment  and  the 
change  in  capital  stockl  and  then  dividing  this  value  by  the  1972  end-of-year 
stock.  The  useful  life  was  finally  computed  as  the  reciprocal  of  the  imolied 
depreciation  rates. 

The  data  used  to  derive  the  average  equipment  lives  to  the  model  are  shown 
in  Table  A. 8.  Equipment  used  in  the  construction  sector  has  the  shortest 
lifetime,  at  ,1ust  over  seven  years.  Lives  for  equipment  in  the  other  sectors 
generally  range  between  9  and  13  years. 

The  data  used  to  derive  the  average  lives  for  structures  are  shown  in  Table 
A. 8.  Lives  for  structures  used  in  manufacturing  generally  range  between  25  and 
35  years.  For  commercial  buildings,  which  generally  fall  within  the  service 
sector,  the  implied  life  was  nearly  70  years. 

A. 5  TRANSFER  PAYMENTS 

Transfer  payments  in  ERDYM  remain  exogenous,  but  are  now  exoressed  in 
constant  fl972l  dollars  per  beneficiary.  Transfer  payments  are  divided  into 
three  ma.ior  categories, 

A. 5.1  Social  Insurance  Benefits  (Table  BPOPTl 

The  category  consists  of  OASDHI  benefits  and  government  emplovee  retirement 
benefits  as  published  in  Table  2.1  of  the  NPA.  The  sum  of  these  items  was 
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TABLE  A. 7.  Equioment  Caoital  Stocks  and  Lifetimes 

(Millions  of  1972  dollars  except  where  noted) 


ERDM 

Sector 

Net 

Inv. 

Gross 

Inv. 

Reol acement 

Stock 

197] 

Average 

1 

Metals 

-17 

1,960 

1,977 

25,352 

12.82 

2 

Non-Metals 

604 

1,456 

852 

8,765 

10.3 

3 

Energy 

5,612 

10,720 

5,108 

61,246 

12.0 

4 

Non-fuel 

Consumables 

2,197 

6,703 

4,506 

60,484 

13.4 

5 

Caoital 

2,642 

5,950 

3,308 

42,710 

12.9 

6 

Construction 

654 

2,466 

1.812 

12,901 

7.1 

7 

Consumer  Goods 

402 

1,252 

850 

7,634 

9.0 

8 

Agriculture 

1,671 

8,147 

6,476 

62,501 

9.6 

9 

Medical 

2,041 

5,078 

3,037 

28,444 

9.4 

10 

Transportation 

2,301 

6,476 

4,175 

80,185 

19.2 

11 

Services 

11,013 

29,871 

18,858 

175,369 

9.3 

♦Average  life  in  years. 

Source:  Figures  aggregated  or  comouted  from  BIE  Capital  Stocks  Data  Base 


TABLE  A. 8.  Structures  Capital  Stocks  and  Lifetimes 

(Millions  of  1972  dollars  except  where  noted) 


ERDYM 

Sector 

Net 

Inv. 

Gross 

Inv. 

Reolacement 

Stock 

1971 

Average  Life* 

1 

Metals 

-34 

723 

757 

22,537 

30 

2 

Non-Metals 

113 

326 

213 

7,482 

35 

3 

Energy 

6,468 

13,484 

7,016 

195,281 

28 

4 

Non-fuel 

Consumables 

422 

1,489 

1,067 

37,280 

35 

5 

Capital 

479 

1,413 

934 

34,016 

36 

6 

Construction 

490 

675 

185 

5,738 

31 

7 

Consumer  Goods 

295 

467 

172 

6,325 

37 

8 

Agriculture 

1,142 

2,311 

1 ,169 

52,884 

45 

9 

Medical 

4,449 

5,475 

1,026 

95,330 

92 

10 

Transportation 

-881 

794 

1,675 

45,009 

27 

11 

Services 

12,881 

15,903 

3,022 

202,263 

67 

*Average  life  in  years. 

Source:  Figures  aqgregated  or  computed  from  BIE  Capital  Stocks  Data  Base. 
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deflated  to  1972  dollars  using  the  overall  GNP  deflator,  and  divided  by  the 
copulation  aoe  65  and  older.  The  values  obtained  are  shown  in  Table  A. 9.  For 
the  model,  the  values  from  1972  to  1982  are  soecified  in  Table  A. 9.  For  future 
years,  benefits  are  assumed  to  rise  more  slowly,  reaching  $5000  per  person  by 
1997. 

A. 5. 2  Public  Assistance  Payments,  Excluding  Unemoloyment  Insurance  fPBASPTl 


This  category  consists  of  "other  transfer  payments"  and  veterans  benefits 
as  published  in  Table  2.1  of  the  NIPA.  These  two  series  were  summed  and 
converted  to  a  real  per  capita  time  series  using  the  same  procedure  as  for 
social  insurance  benefits.  The  results  are  shown  in  column  2  in  Table  A. 9.  I 
ERDYM,  values  for  1972,  1977,  and  1981,  were  taken  as  170,  195,  and  195  (19721 
dollars  per  capita,  which  approximates  the  actual  time  series. 


A. 5. 3  Unemployment  Insurance  Benefits  (UIBEN) 

As  for  the  previous  two  categories  of  transfer  payments,  total  government 
unemployment  insurance  were  taken  for  Table  2.1  of  the  NPA.  This  series  was 
deflated  to  1972  dollars  and  then  divided  by  the  unemployed  pooulation  ^Source: 

Economic  Report  of  the  President).  The  resulting  series  is  shown  as  column 
3  in  Table  A. 9.  As  the  table  shows,  there  is  little  trend  to  this  series, 
especially  after  excluding  1975  and  1976  when  extended  benefits  legislation  was 
in  effect.  To  simplify  the  specification  in  ERDYM,  real  benefits  per  unem¬ 
ployed  worker  is  assumed  to  be  a  constant  fUIBEN).  For  the  present  version 
UIBEN  is  set  at  1160  dollars. 


APPENDIX  B 

GOVERNMENT  POLICY  LEVERS 


This  aoDendix  describes  how  to  implement  various  policy  levers  that  are 
available  within  ERDYM.  The  policy  lever  variables  and  tables  are  organized  by 
maior  categories  described  in  section  2.6. 

B.l  PRODUCTION  PLANNING 

The  variables  in  this  category  consist  of  tables  of  priorities  for  the 
output  of  each  sector.  The  values  in  the  table  determine  which  sectors  are 
preferred  in  receiving  key  inputs  to  their  production  process  (including 
households  and  government).  These  priorities  come  into  play  only  when  demand 
exceeds  supply.  Figure  B.l  reproduces  the  standard  settings  currently  in 
ERDYM.  For  reference,  the  14  ERDYM  sectors  associated  with  each  element  in  the 
various  tables  are: 

1.  Metals 

2.  Non-metals 

3.  Energy  products 

4.  Non-fuel  consumable  materials 

5.  Capital  goods 

6.  Building  construction 

7.  Consumer  goods 

8.  Agricultural  goods 

9.  Medical  services 

10.  Transportation 

11.  Services 

12.  Government 

13.  Households 

14.  Exports 

Thus,  from  Figure  B.l,  if  the  user  wished  to  increase  the  amount  of  enet'gy 
received  by  capital  goods  producers  during  an  energy  shortage,  the  fifth 
element  in  table  MIPRN  might  be  changed  from  .6  to  1.0,  as  follows: 


T  MIPRN  =  .5/. 5/1/. 5/1/. 5/. 5/. 5/. 5/. 5/. 5/. 5/. 5/. 5 


NOTE  PRIORITIES  FOR  ALLOCATION  OF  SCARCE  RESOURCES 
NOTE  ( 1=MAXIMUM  PRIORITY,  0=MINIMUM) 

NOTE 

T  DlPRNsW  5/  5/  5/ .  5/  5/  5/  5/  5/  5/  5/  5/  5/  5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  METALS  (DIMENSIONLESS) 

T  D2PRN»  5/1/  5/  5/  5/  5/. 5/  5/  5/  5/  5/  5/  5/  5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  NON-METALS  (DIMENSIONLESS) 

T  M1PRN=  5/  5/1/  5/  5/  5/  5/ .5/  5/1/  5/  5/  5/5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  ENERGY  PRODUCTS  (DIMENSIONLESS) 

T  M2PRN=  5/ . 5/  5/  5/5/5/  5/  5/  5/5/  5/  5/5/5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  NONFUEL  CONSU  MATLS  (DIMENSIONLESS) 
T  CPRNa  5/ .5/  5/ .5/1/  5/  5/  5/  5/1/  5/  5/  5/  5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  CAPITAL  STOCK  (DIMENSIONLESS) 

T  PCPRNr  5/  5/  5/  5/1/5/5/5/  5/1/5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  PRODUCTION  CAPITAL  (DIMENSIONLESS) 

T  BPRN=  5/  5/  5/  5/  5/1/  5/  5/, 5/1/  5/. 5/  5/  5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  BUILDING  (DIMENSIONLESS) 

T  UPRN=  5/  5/  5/  5/  5/  5/1/5/5/.5/5/  5/5/5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  CONSUMER  GOODS  (DIMENSIONLESS) 

T  AGPRN=  5/5/5/  5/5/  5/5/1/  5/5/5/5/5/5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  AGRICULTURE  (DIMENSIONLESS) 

T  TRPRN=  5/ .5/1/  5/  5/  5/  .5/ .5/  5/1/  5/  5/  5/  5 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  TRANSPORTATION  (DIMENSIONLESS) 

T  FDSPRNs  5/5/  5/  5/5/  5/.5/5/5/5/1/5/  5/5 
MOTE  NORMAL  SECTOR  PRIORITIES  FOR  FINAL  DEMAND  SERVICES 
NOTE  (DIMENSIONLESS) 

T  SPRNs  5/  5/1/. 5/  5/  5/  5/  5/  5/1/1 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  SERVICES  -  DISTRIBUTION 
NOTE  (DIMENSIONLESS) 

T  SMPRN.  5/  5/ .  5/  5 /  5 /  5 /  5/  5/  5/  5/1 

NOTE  NORMAL  SECTOR  PRIORITIES  FOR  SERVICES  -  MAINTENANCE  AND  REPAIR 
NOTE  (DIMENSIONLESS) 

T  LRPRN=  5/5/  5/  5/5/  5/  5/. 5/5/  5/5/  5 

NOTE  NORMAL  LABOR  REQUEST  PRIORI ITIES  (DIMENSIONLESS) 

NOTE 

NOTE 


FIGURE  B.l.  Priorities  for  Consumption 


B.7  RATIONING 


Rationing  is  used  within  EROYM  to  restrict  the  amount  of  goods  and  services 
consumed  hv  households.  The  user  first  must  specify  the  start  of  each 
rationing  period  (up  to  seven!  and  the  length  of  each: 

T  RATIME  =  1984/1984/198A/1984/1984/1984/1984 
Date  of  rationing  start  time 

T  RATLEN  =  O/O/O/O/O/O/O 
Rationing  length  (years! 

The  actual  amount  to  be  rationed  is  set  bv  constants  for  individual 
commodities,  which  specify  the  per-caoita  or  oer  household  desired  requests. 

To  imolement  rationing,  the  user  needs  to  know  the  app'^oximate  values  of  these 
variables,  before  aoprooriate  levels  can  be  chosen.  In  several  cases,  the 
normal  per  household  values  are  not  specified  in  a  single  variable;  the  user 
must  compute  the  figure  bv  dividing  total  requests  by  the  number  of 
households.  Table  B.l  describes  the  specific  rationing  constants  and  the 
appropriate  variables  to  print  to  determine  household  requests  without 
rationing. 

B.3  WAGE  AND  PRICE  CONTROLS 

A  maximum  annual  fractional  change  in  wages  for  each  sector  is  specified  by 
constant  WGUID: 

C  WGUID  =  .10 

This  setting  allows  wages  to  increase  no  faster  than  10  nercent  oer  year,  in 
both  a  normal  and  recovery  economy. 

Wages  can  also  be  frozen  in  all  sectors,  during  the  recovery  period  only, 
bv  setting  constant  GWCFPA  =  0.  The  user  sets  the  length  for  this  policy  by 
means  of  constant  GCIMPT  (government  controls  implementation  time!.  Thus,  for 
example,  if  an  attack  were  soecified  to  occur  at  the  beginning  of  1986,  we 
would  impose  the  following  changes: 

C  GCIMPT  =  3 

C  GWCFPA  =  0 


wmimmmm 


table  B.l.  Rationina  Va'^iables 


« 


Consumotion 

Constant  for  Rationing 
^specifies  oer  caD^ta, 
oer  household,  or  per 
vehicle  reguestsl 

Normal  Desired  Requests 

Consumer  durables 

DCGRAT 

cndds/hshd 

r 

Energy  DroductS 

OHMRAT 

HDMSOR/HSHD 

Non-durahle  consumer 
goods 

DNCRAT 

DCSPC  (\) 

€> 

Non-fuel  consumable 
materials 

ONFRAT 

DCSPC  f31 

Motor  vehicle  demand 
for  energy  products 

DMVRAT 

OCPMV 

f) 

Food 

OFORAT 

FDREO 

Transportation 

DTRRAT 

PHSDTR 

r 


(T 


B.4 


Here  waqes  in  all  sectors  would  be  fixed  from  1,984  until  the  first  ne>"iod  of 
1987. 

The  effect  of  suDolv-demand  balance  on  price  can  also  be  altered  durina  the 
government  controls  implementation  time  (set  by  fiCIMPT  above).  This  is 
accomplished  bv  altering  the  table  function  which  relates  price  to  the  suoplv- 
demand  balance  variable  ^SDB).  This  table  is  currently  set  at  the  same  values 
as  for  the  normal  economy; 

T  GESDBT  =  P/1. 6/1. P5/1. 1/1. 05/1.0/. 975/. 95/. 9/. 88/. 8 

B.4  FINANCIAL  INCENTIVES  AND  GOVERNMENT  SUBSIDIES 

A  number  of  government  policy  levers  are  directed  toward  businesses  in 
order  to  stimulate  investment  during  a  recovery  period.  The  oeriod  during 
which  most  of  the  policies  are  in  effect,  termed  the  government  plannino 
oeriod,  is  controlled  bv  two  variables; 

C  TST=198_  f Start  date  of  government  olanninq  perioH) 

C  TET=198_  (ending  date  of  government  planning  period) 

The  number  of  values  in  the  tables  is  variable,  depending  upon  the  start  and 
end  dates,  TST  and  TET,  and  another  constant  TINC.  TINC  is  the  time  increment 
for  all  of  the  government  policies  described  in  the  section.  Normal iv,  TINC=1 
and  thus  the  number  of  table  values  is  TET-TST+1.  If  TINC  were  set  at  half- 
year  intervals,  .5,  then  the  number  of  values  in  each  of  the  tables  below  would 
be  / (TET-TST) /2)+l=ll .  The  examples  below  assume  TINC=1  and  a  5-vear  planning 
oeriod  and  should  clarify  how  these  values  are  used  within  the  model. 

Government  Policy  on  Depreciation 

Table  EGPDTT  controls  a  time  series  of  values  which  are  used  to  scale  the 
normal  depreciation  tax  lives  on  capital  stock.  The  number  of  values  depends 
upon  the  setting  of  TST,  TET,  and  TINC.  For  example,  assume  that  we  wish  to 
reduce  depreciation  lives  to  80  percent  of  their  normal  values  over  the  first 
two  years  of  the  planning  (recovery)  period  (starting  in  1985)  and  then 
maintain  this  value  for  three  more  vears.  The  appropriate  changes  wou^d  then 
be; 


T  EGPDTT  =  1 .0/.9/.8/.8/.8/.S 


Availability  of  New  Debt 

The  DOtential  new  debt  to  finance  capital  investment  can  be  auqmented 
throuqh  a  series  of  tables,  AVDBTT  (*,  il,  where  i  is  the  sector  numbe'-.  The 
normal  potential  new  debt  is  multiplied  bv  the  aoprooriate  table  value  du'^inq 
the  qovernment  planning  period  Mefined  by  TST  and  TET).  Thus,  it  one  wished 
to  double  new  debt  available  to  the  transportation  sector  durinq  the  last  tht^e^ 
veal's  of  the  planning  period  fas  defined  in  the  above  examplei,  one  would  have; 

T  AVOBH  (*,  101  =  1/1/2/2/2/2 

Note  that  the  availability  will  increase  linearly  over  the  period  198b. 0 
through  1987.0,  since  the  fii'st  value  of  the  table  corresponds  to  the  value  for 
TST. 

Tax  Credit  Policy 

Corporate  tax  rates  can  be  reduced  throughout  the  qovei'nment  planning 
period  (via  TST  and  TETl  bv  means  of  setting  the  table  GTCPCT.  Corpoi'ate  tax 

liabilities  for  all  sectors  would  be  lowered  bv  85  percent  in  the  first  three 

years,  and  thus  gradually  return  to  normal  with  the  following  change: 

T  GTCPCT  =  .75/. 75/. 75/. 75/. 90/1.0 

Personal  income  tax  rates  can  be  controlled  in  the  same  wav  via  table 

GTCPIT.  The  card  below  would  reduce  personal  tax  rates  bv  10  percent  for  all 

years  in  the  planning  period. 

T  GTCPIT  =  .9/. 9/. 9/. 9/. 9/. 9 
Government  Policy  on  Motor  Vehicle  Demand  bv  Household 

ERDYM  assumes  that  the  qovernment  can  influence  household  requests  fo'' 
motor  vehicles  durinq  the  government  planning  period.  If  this  mechanism  is 
employed,  requests  for  motor  vehicles  normally  produced  by  the  model  are 
multiplied  by  a  factO'"  interpolated  from  table  EPP'^VT.  As  an  example  assume 
that  qovernment  wished  to  reduce  household  motor  vehicle  requests  by  75  percent 


in  the  final  three  vears  of  the  pianninq  period  and  then  relax  this  policy  to 
50  percent  cutback  by  the  end.  Thus,  one  miqht  chanqe  EGPMVT  to  be: 

T  EGPMVT  =  .25/. 25/. 25/. 25/. 38/. 50 
Government  Subsidies 

In  a  fashion  similar  to  that  used  for  influencinq  the  availability  of  new 
debt,  separate  tables  of  the  form  GSUBT  (*,  il  are  used  to  specify  qovernment 
subsidies.  Subsidies  are  specified  in  nominal  dollars  and  are  simply  added  to 
the  sector's  total  revenue.  To  helo  set  the  apo'^opriate  level  of  subsidy,  the 
user  should  first  perform  a  run  of  the  model  in  which  variables  REV  f total 
revenuel  and  NIBT  (net  business  incomel  are  printed.  Assume,  then,  that  this 
step  has  been  done  and  that  the  user  wished  to  provide  a  qovernment  subsidy  to 
the  enerqy  sector  at  20  billion  a  year  durinq  the  qovernment  planning  period. 
Then,  the  following  change  would  be  made: 

T  GSUBT  (*,  3)  =  20E9/20E9/20E9/20EP/20EP/20EP 
B.5  MONETARY  POLICY 

As  described  in  Chapter  3,  monetary  policy  can  be  specified  in  any  of 
three  regimes:  H  exoqeneous  interest  rates,  21  policy  tarqets,  and 
31  exogenous  overall  reserve  base  growth.  Fiqure  B.2  shows  the  overall 
decision  logic  that  must  be  followed  and  the  key  variables.  The  too  box 
figure  shows  the  variable,  MSWCH  which  is  used  to  enable  or  disable  the 
entire  monetary  sector.  If  MSWCH  is  0,  all  interest  rates  are  specified 
exogenously.  If  MSWCH  equals  one,  then  interest  rates  are  determined  within 
the  model  though  movement  of  net  free  reserves  of  the  commercial  banking 
system.  If  the  moneta'"v  switch  is  on,  the  user  must  further  determine  the 
mechanism  by  which  the  reserve  base  is  chanqed  by  the  central  bank.  If  RSWCH 
is  zero,  then  nonborrowed  reserves  grow  by  an  amount  determined  within  a  table 
function.  If  RSWCH  is  one,  a  '"eactive  oolicv  is  pursued,  and  reserves  are 
increased  or  decreased  in  order  to  achieve  the  policy  tarqets  specified  bv  the 
user.  The  specific  variables  are  discussed  in  detail  below. 

Monetary  Policy  Switch  (MSWCH,  MSWCHTl 

Values  of  the  monetary  policy  switch  can  be  set  indeoendently  for  a 
"normal"  economy  and  a  "’ecovery"  economy.  This  is  accomolished  bv  means  of 
the  table  function: 


B. 


T  MSWCHT  =  i/.i 


i  =  0,1  fo*"  normal  economy 
.i  =  0,1  for  recovery  economy 

A  setting  of  1  enables  the  monetary  policy  sector  as  described  above.  The 
time  length  of  the  recovery  economy  is  also  specified  by  variable  MPT  which  is 
analogous  to  variable  GPIMPT  discussed  in  section  B.3.  Thus,  if  we  wished  to 
impose  exogenous  interest  rates  for  the  first  five  post-attack  vears,  then  the 
appropriate  change  would  he: 

T  MSWCHT  =  1/0 

C  MPT  =  5 

Exogenous  Interest  Rates 

If  the  value  of  MSWCH  is  0  during  a  simulation,  then  interest  rates  are 
taken  directly  from  user  specified  tables.  Each  table  contains  thirty  values 
corresponding  to  years  1971  to  2000.  Table  values  are  for  mid-vears,  thus  the 
first  value  is  for  time  period  1971.5.  With  this  specification,  values  fo»'  the 
historical  period  can  be  approximated  by  annual  average  rates  fthe  first 
thirteen  values  would  be  from  1971  through  19831.  All  interest  rates  are 
expressed  as  fractions.  Five  tables  are  used  to  specify  the  various  interest 
rates  in  the  model: 

T  GIRITT=...  ^Government  interest  rate  -  3  mo.  bill  rate! 

T  BINYT=...  (Business  interest  rate) 

T  MINIRT=...  (Mortgage  interest  ratel 

T  SVINTR=...  (Time  deposit  savings  ratel 

T  CNSINT=..,  (Consumer  credit  interest  rate) 

Exogenous  Reserve  Base  Growth 

Setting  the  constant  RSWCH  egual  to  zero  allows  th^'  growth  rate  of 
unborrowed  reserves  (variable  RBASEl  to  be  specified  bv  the  user.  The  growth 
rates  are  determined  bv  four-vear  intervals  over  the  period  1972  to  2012  on 
table  CHGUBR.  As  with  any  DYNAMO  table  function,  the  values  are  interpolated 
for  periods  between  those  specified  on  the  table  function  card.  As  an  example, 
consider  the  following  two  entries: 

C  RSWCH  =  0 

T  CHGUBR  =  .10/. 10/. 10/. 08/. 08/. 08/. 08/. 08/. 08/ 


Since  RSWCH  is  zero,  unbo'^nowed  '•esenves  win  grow  at  10  oercent  oen  vean 
between  1R72  and  i.RBO,  decel'^'^atp  to  8  oercent  growth  bv  Tb84,  and  grow  at 
constant  8  pe’^cent  for  all  vears  thereafter. 

Reactive  Monetary  Policy 

Setting  the  MSWCH  and  RSWCH  both  equal  to  one  oromots  the  monetary  policy 
to  be  reactive,  in  the  sense  that  the  growth  in  the  reserve  base  is  determined 
bv  previous  values  o'P  the  overall  growth  rate  of  the  economy,  the  unemoiovment 
rate,  and  the  inflation  rate.  To  reduce  the  number  of  separate  variable  names, 
parameters  aoplicahle  to  the  normal  and  "recoverv"  situations  are  put  into  the 
same  table. 

The  growth  rate  target  is  specified  in  table  GRTART.  Thus,  for  example, 
target  growth  rates  of  2.5  percent  per  year  during  the  pre-attack  period  and  S 
oercent  during  recoverv,  would  be  specified  as: 

T  GRTART  =  .025/. 05 

The  effect  of  deviations  of  unemployment  and  inflation  rates  from  their 
target  values  is  collapsed  into  a  single  value  fas  discussed  in  Section  3.31  as 
follows: 

UIPOL  =  WGT^  *  fU/U*l'’*^’''’^l  +  wGT;,  *  ( INFR/lNFR*l'’'^'*'’^2 
where 

WGT-j,  WGT^  represent  oenaltv  weights  fWGT^  +  WGT^  =  11  on  deviation 

from  unemployment  and  inflation  targets,  respectively 

U*  =  unemployment  target  (fractionl 

INFR*  =  inflation  target  f fractionl 

POMR^  =  power  associated  with  deviation  f’"om  unemployment  target 
2 

POWR  =  power  associated  with  deviation  from  inflation  target. 

Three  tables  specify  the  targets  and  parameters  that  make  up  the  above 
equation  and  a'-e  shown  graphically  in  Table  B.2.  To  illustrate  how  we  might 
change  these  table  functions,  consider  the  following  example.  Assume  that: 

11  unemployment  taroet  normally  is  6  percent  and  would  be  lowered  to  4 
oercentduring  recovery,  21  the  in-fiation  rate  target  is  normally  5  percent  but 
that  15  percent  might  be  tolerated  during  recovery,  and  31  the  oenaltv  function 
in  both  periods  is  linear  for  unemoiovment  and  is  quadratic  for  inflation  and 


TABLE  B.2.  Organization  of  Unemoloyment-Inf lation 
Policy  Function  Parameters 

Normal  Period  Recovery  Period 

T  UITAR  =  U*/INFR*  /  U*/INFR* 

T  POLWGT  =  WGI^/WGI,  f  WGT^/WGT;, 

T  POWERS  =  POWRi/POWRp  /  POWR^/POWR, 


4^  the  relative  weights  on  deviations  from  targets  shifted  from  .5  and  .5  to 
.6  ^ on  (Ji  and  .4  fon  INFRi.  These  assumotions  would  be  represented  as: 


UITAR  =  .06/. 05/. 04/. 15 
POWERS  =  1/2/1/2 
POLWGT  =  .5/. 5/. 6/. 4 


^  ^  -  *  .  "  ^  ■ "  j* ", 
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